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(54) FLUORINATED 1 ,4-DISUBSTITUTED PIPERIDINE DERIVATIVES 

(57) This invention relates to novel fluorine-containing 1,4-disubstituted piperidine derivatives represented by a 
general formula [I] 



At O _^ 



[I] 



CO 

o> 

CM 

o 

CO 



Q. 

UJ 



and pharmaceutically acceptable salts thereof, 
[wherein: 

At represents an aryf group or a hetero-aryl group having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be substi- 
tuted with lower aikyl, etc.); 

R 1 represents C^-Ce cycloalkyl whose any 1-4 hydrogen atmos may be substituted with fluorine atoms(s); 
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R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), araikyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group having 1 to 
2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, hetero-arylalkyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl. cyano, hydroxy!, nitro, lower alkoxycarbonyl, halogen, lower alkoxy or amino, etc. ; and 
X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms]. 

The compounds of the present invention have selective antagonistic activity for muscarinic M 3 receptors, and 
exhibit excellent oral activity, duration of action and pharmacokinetics, so that they have little side effects and are safe 
and effective. Therefore they are useful for treatment or prophylaxis of respiratory diseases, urinary diseases and diges- 
tive diseases. 
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Description 
Technical Field 

[0001] This invention relates to novel fluorine-containing 1,4-disubstituted piperidine derivatives, processes for pre- 
paring them, pharmaceutics containing them and their use as medicines, especially in the treatment or prophylaxis of 
various diseases of the respiratory, urinary and digestive systems. 

Background Art 



[0002] Antagonism to muscarinic receptors are known to cause bronchodilation, gastrointestinal hypanakinesis, gas- 
tric hypersecretion, dry mouth, mydriasis, suppression of bladder contraction, hypohidrosis, tachycardia and the like 
["Basic and Clinical Pharmacology", 4th ed., APPLETON & LANGE, pp. 83-92 (1989); Drug News & Perspective. 5(6), 
pp. 345-352 (1992)]. 

is [0003] It has been made clear that there are at least three subtypes of muscarinic receptors; the M 1 receptors being 
present mainly in the brain, the M 2 receptors mainly in the heart, and the M 3 receptors, on smooth muscles and glan- 
dular tissues. Whereas, all of the large number of compounds heretofore known to exhibit antagonism to muscarinic 
receptors non-selectrvely antagonize the three subtypes of muscarinic receptors. Consequently, attempts to use these 
compounds as therapeutic or prophylactic agents for diseases of the respiratory system have caused undesirable side 

20 effects such as dry mouth, nausea and mydriasis. Still in addition, particularly serious side effects associated with the 
central nervous system, such as dementia, attributable to the M 1 receptors and those associated with the heart, such 
as tachycardia mediated by the M 2 receptors pose problems and their solution is strongly demanded. 
[0004] We have disclosed, as a drug meeting the demand, 1,4<feubstituted piperidine derivatives (see: PCT 
W096/33973). However, creation of even more excellent drug has been in demand. 

25 [0005] An object of the present invention is to create even a better drug than said known compounds, whereby to pro- 
vide pharmaceutics exhibiting highly selective antagonism to M 3 receptors and minimizing adverse side effect and 
which, therefore, provide safe and effective pharmaceutics for treatment or prophylaxis of diseases associated with 
muscarine M 3 receptors, eg., such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, 
asthma and rhinitis; digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain 

30 accompanying contraction of smooth muscles of the digestive system; urinary disorders like urinary incontinence and 
frequency in neurogenic pollaWuria. neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic 
cystisis; and motion sickness. 

Disclosure of the Invention 

35 

[0006] According to the present invention, there are provided novel fluorine-containing 1,4-disubstituted piperidine 
derivatives of the general formula [I] 



Ar O 

HO H-X— <y_ y N ~ r2 [I ] 



45 

and pharmaceutical^ acceptable salts thereof, wherein: 

Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be substi- 
so tuted with lower alkyl, trifluoromethyl, cyano. hydraxyl, nitro, lower aJkoxycarbonyl, halogen, lower alkaxy, amino or 
lower alkylamino); 

R 1 represents C^-Cg cycloalkyl whose any 1 -4 hydrogen atmos may be substituted with fluorine atoms(s); 
R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group having 1 to 
55 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino); and 
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X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms. 

[0007] The compounds of the above formula [Q which are provided by the present invention have potent and selective 
5 antagonistic activity for muscarinic M 3 receptors, and exhibit excellent oral activity, duration of action and pharmacoki- 
netics, so that they have little side effects and are safe. Hence, they are very useful in the treatment or prophylaxis of 
diseases such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhinitis: 
digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying contraction 
of smooth muscles of the digestive system: urinary disorders like urinary incontinence and frequency in neurogenic poi- 
ze lakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and motion sick- 
ness. 

[0008] Hereinafter the meaning of the technical terms used in the present specification are elucidated and the inven- 
tion is explained in further details. 

[0009] "An aryl group (any 1 to 3 hydrogen atoms on the ring in said aryl group may be substituted with lower alkyl, 
is trifluoromethyl. cyano, hydroxyl, nrtro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)" signifies 
a substituted or unsubstituted Cg-C^ aryl group, examples of which including unsubstituted phenyl group, naphthyl 
group or those containing the above-named substituent(s). 

[001 0] As examples of "a heteroaryl group having 1 -2 hetero atoms selected from a group consisting of nitrogen, oxy- 
gen and sulfur (any 1 to 3 hydrogen atoms on the ring of said heteroaryl group may be substituted with lower alkyl, tri- 

20 fluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alk^eminG)", 
unsubstituted 2-pyridyi, 3-pyrkJyl, 4-pyridyl, 2-thiazolyl. 4-thiazolyl, 2-thienyl, 3-thienyl, 1-imidazolyl, 2-imidazolyl, 4-imi- 
dazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-furyl, 3-furyl. 2-pyrrolyl, 3-pyrrolyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2- 
pyrazinyl, 3-pyridazinyl, 4-pyridazinyl, 2-quinolinyl, 2-benzothienyl and 2-indolyl group; and those which are substituted 
with the above-named substituents can be named. 

25 [0011] Also examples of "C3-C 6 cycloalkyl whose 1-4 hydrogen atoms may be substituted with fluorine atones)" 
include: cyclopropyi, cyclobutyl, cyclopentyl, cyclohexyl, 1 -fluorocydopropyi, 1 -f luorocyclobutyl, 1-fluorocyclopentyl, 1- 
fluorocyclohexyl, 2-fluorocydo-propyl, 2-fluorocyclobutyl, 2-fluorocydopentyl, 2-fluorocyclohexyl, 3-fluorocyclobutyl, 3- 
fluorocyclo-pentyl, 3-fluorocyclohexyl, 4-fluorocyclohexyl, 2,2-drfluorocydopropyi, 2, 2-dlf luorocyclobutyl, 2,2-drfluorocy- 
dopentyl, 2, 2-difluorocyclohexyl, 3 f 3-difluorocyclobutyl, 3, 3-difluorocydopentyl, 3, 3-di4luorocydohexyi, 4, 4-difluor- 

30 ocydohexyl, 3, 3, 4, 4-tetra-fluorocydopentyl, 3, 3, 4, 4-tetrafluorocyclohexyl, 2, 3-difluorocydobutyl. 2, 3- 
difluorocydopentyl, 3, 4-di-fluorocyclopentyf, 2, 3-difluorocydohexyl, 3, 4-difluoro-cydohexyl, 2, 2, 3. 3-tetrafluorocy- 
clobutyl and 2, 2, 3, 3-tetraf luorocycloperrtyl groups. 

[001 2] Examples of "C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atoms" indude C 5 -C 15 straight chain or branched alkyl, alkenyl, alkynyl, cydoalkylide- 
35 nealky! ; cycloalkyialkyl, cydo-alkylaikenyl or cycloalkylalkynyl in which optionally hydrogen atom(s) on the cydoalkyl 
ring may be substituted with lower alkyl; and cydoalkenylalkyl or cydo-alkenylalkenyl in which optionally hydrogen 
atom(s) on the cycloalkenyl ring may be substituted with lower alkyl ; and those whose any 1 to 6 hydrogen atom(s) are 
substituted with fluorine atom(s). 

[001 3] Specific examples of such aliphatic hydrocarbon groups indude: 

40 

unsubstituted or fluorine-substituted alkyl groups such as 2-methylbutyi, 3-methylbutyl, perrtyl, neopentyl, 2-meth- 
ylpentyl, 3-methylpentyl, 4-methyl-pentyl, hexyl, 2-methylhexyl, 3-methylhexyl, 4-methyl-hexyi, 5-methyihexyl, 2. 4- 
dimethylpentyl, 2-ethylhexyl, 4, 5-dimethylhexyl, 4, 4-dimethylpentyl, heptyl, 4-methyl-heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetrad ecyl, pentadecyl, 3-fluoromethylbutyl, 1-fluoro-pentyl, 4-fluoropentyl, 5-fluoro- 
45 pentyl, 1, 1 -dif luoro-pentyl, 4, 4-drfluoroperrtyl, 5, 5, 5-trrfluoroperrtyl, 1,1,4, 4-tetrafluoropentyl, 1, 1, 5, 5, 5-pen- 
tafluoropentyl, 1-fluorohexyl, 5-fluorohexyl, 6-fluorohexyl, 1, 1-difluorohexyl, 5, 5-difluoroheocyl, 6, 6, 6-trifluorohexyl, 
1,1,5, 5-tetrafluorohexyl, 1, 1, 6, 6, 6-pentafluorohexyl, 1 -f !uoro-4-methylperttyl, 2-fluoro-4-methylpentyl, 3-fluoro- 

4- methylpentyl, 4-fluoro-4-methylpentyl, 4-fluoromethylpentyl, 1,1-drfluoro-4-methylpentyl, 4-trifluoromethylpentyl, 
5,5,5-trifluoro-4-trifluoro-methylpentyl, 1,1-difluoro-4-trifluoromethyfpentyl p 1,1,5-trifluoro-4-methylpentyl, 1-fluoro- 

so 4-methyihexyl, 4-fluoro-4-me1hylhexyl, 5-fluoro-4-methylhexyl, 6^luoro-4-methyihexyl, 1 , 1 <lif luoro-4-methylhexyl , 
5,5-difluoro-4-methylhexyl, 4-trrfluoromethylhexyl, 6,6,6-trifluoro-4-methylhexyl, 6,6.6-trifluoro-4-trifluoro-methyl- 
hexyl, 1,1-difluoro-4-trifluormethylhexyland 1,1-difluoro-6,6 f 6-trifluoro-4-methylhexyl; 

unsubstituted or fluorine-substituted alkenyl groups such as 3-methyl-2-butenyl, 2-pentenyl, 3-perrtenyl, 4-pente- 
nyl, 3-methyl-2-pentenyl, 3-methyl-3-pentenyl, 4-methyl-2-pentenyl, 4-methyl-3-pentenyl, 4-methyl-4-pentenyl, 2- 
55 hexenyl, 3-hexenyl, 4-hexenyl, 4-methyl-2-hexenyl , 4-methyl-3-hexenyl, 4-methyl-4-hexe-nyl, 5-methyI-2-hexenyl , 

5- methyl-3-hexenyl, 5-methyl-4-hexenyl f 5-methyl-2-heptenyl, 5-methyl-3-heptenyl, 5-methyl-4-heptenyl, 5-methyl- 
5-heptenyl, 3,4-dimethyl-2-pentenyl. 3,4-dimethyl-3-pentenyl ( 4,5-dimethyl-2-hexenyl i 4,5-dimethyl-3-hexenyl, 4,5- 
dimethyl -4-hexenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, 1- 
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fluoro-4-methyl-3-pentenyl, 2-f luoro-4-methyl-3-pentenyl, (E)-4-fluoro-methyi-3-pentenyl, (Z)-4-fluoromethy1-3-pen- 
tenyl, l.l-difluorcM-methyl-S-pentenyl, ^^Jifluoro^methyl-S-pentenyl, (E)-4-trifluoromethyl-3-penlenyl, (Z)-4-tri- 
fluoromethyl-3-pentenyl, (E)-1 J-drfluoro4-trifiuoro-methyl-3-pentenyl, (Z)-1 J<lifluoro-4-trlfliiorornethy!-3-pente- 
nyl, S.S.S-trifluoro^-trifluoromethyl^-pentenyl, 1-fluoro-4-methy1-2-pertenyl, 4^fluoro-4-methyl-2-pen-tenyt, 4- 

5 fluoromethyl-2-pentenyl, l.l-difluoro^meth^-2-pentenyl, 4-trifluoromethyl-2-pentenyl 1 4-fluoro-1,1«difluoro-4- 
methyl-2-pentenyl, 1 , 1 -dif luoro-4-trif luoro-methyl-2-pentenyl, 1 ^luoro-4-methyl-4-penteny1, 24luoro-4-methyl-4- 
pentenyl, 3-fluoro-4-methyl-4-pen-tenyl, 44luoromethy1-4-pentenyl, 1 f 1-difluoro-4-methyl-4-p8ntenyl, 2,2-drfluoro- 
4-m ethyl -4-perrtenyl, 3.3<fflluoro-4-methyl-4-penteny1. 4-trifluoromethyl-4-pen-teny1, 1 , 1 -drf luoro-4-trifluoromethyl- 
4-pentenyl, 1,1 t 3,3-tetrafluoro-4-methyl-4-pentenyl, 1 -f !uon>4-methy1-3-hexenyt, 2-f luoro4-methyl-3-hexeny1, 4- 

10 f luoro-methyl-3-hexenyl, 6-fluoro-4-methyl-3-hexeny1, 4-tri-f luoromethyl-3-hexenyi, 1 ,1 -drf Ujoro-4-methyl-3-hexenyl, 
2,2-dif luoro-4-methyl-3-hexenyl, 4-trif luoromethyf-3-hexenyt, 5.5-difluoromethyi-3-hexenyl, 6,6, 6-trifluoro-4-m ethyl- 

3- hexenyl, U-difluorcM-trifluoromethyl-S-hexenyl, 1 ,1 t -difliK>ro-6,6,6*trif liK>romethyl-3-hexenyl and 6,6,6-trrfluoro- 

4- trifluoromethyl-3-hexenyl; 

2-pentynyi, 3-pentynyi, 4-pentynyl, 4-methyl-2-pentynyl, octynyl, nonynyl, decynyl, undecynyl, dodecynyt, tridecy- 
is nyl, tetrad ecynyl and pentadecynyl, and those alkynyl groups in which optionally any 1 to 6 hydrogen atoms are 
substituted with fluorine atom(s); 

unsubstituted and fluorine-substituted cydo-alkylalkyl groups in which any of hydrogen atom(s) on the cycloalkyl 
ring may be substituted with lower alkyl, such as cyclopropylethyl, cyclopropylpropyl, cyclopropyi butyl, cyclopro- 
pylpentyl, cyclopropylhexyl, cyclo-propyl h eptyl , cyclobutyl methyl, cydobutyl ethyl, cyclo-butytpropyl, cydobutylbutyl, 

20 cydobutylpentyi, cyclo-pentylmethyl, cyclop errtyl ethyl, cydopentylpropyl, cydopentylbutyl, cydoftaxyJmethyl, 
cydohexylethyl. cyclohexylpropyl, cyclohexyibutyl, cycl oh eptyl methyl, cycl oh eptyl ethyl, cydoheptyl propyl, 
cydoheptylbutyl, cydooctylmethyl, cydooctyl ethyl, cyclooctylpropyl, cyclooctylbutyl. 1 -methylcydopentylmethyl, 2- 
methyl-cyciopentylmethyl, 3-methylcydopentylmethyl, 1 -ethyl-cyclopentylmethyl, 2-ethylcydopentyimethyl, 3-ethyl- 
cydopentylmethyl, 2-cydopentylethyl, 2-(1-methylcydo-pentyf)ethyl, 2-(2-methylcydopentyl)ethyl, 2-{3-methyl- 

25 cydopentyl)ethyl, 2-(1-ethy1cydoperrty!) ethyl, 2-(2-ethylcyclopentyl) ethyl, 2^3-ethylcydopentyl)ethyl, 1-methylcy- 
clohexylmethyi, 2-methylcyclohexylmethyl, 3-methylcydohexylmethyt, 4-methylcyclohexylmethyl, 1-ethylcydohexy- 
Imethyl, 2-ethylcyclohexylmethyf, 3-ethylcydohexylmethyl, 4-ethylcyclohexyimethyl, cydo-hexyl ethyl, 2-{1- 
methylcyclohexyl)ethy1, 2^2-methy1-cydohexyl)ethy1, 2-(3-methylcydohexy0 ethyl, 2-(4^ethylcydohexyl) ethyl, 2- 
(l-ethylcydohexyi)ethyl, 2-{2-ethylcydohexyl) ethyl, 2-(3-ethylcydohexy1)ethyl, 2-(4-ethylcydohexy!)ethy1, 1-methyl- 

so cydoheptylmethyl, 2-methylcycloheptylmethyl, 3-methylcycloheptylmethyl, 4-methylcycloheptylmethyl, 1-ethylcy- 
cloheptylmethyl, 2 -ethyl cydoheptylmethyl, 3 -ethylcyd oh eptyl methyl, 4-ethylcycloheptyl methyl, 2 -cydoheptyl ethyl, 
2-{1 -methylcydoheptyQethyl, 2 -(2-methyl cydoheptyl) ethyl, 2-(3-methylcydoheptyl) ethyl, 2 -(4-m ethyl cycloh eptyl) - 
ethyl. 2-(1 -ethylcydoheptyl) ethyl, 2-(2-ethylcydo-hepty0 ethyl, 2-(3-ethylcydoheptyf) ethyl, 2-(4-ethyl-cydohep- 
tyl)ethyl, 1 -methylcyclootfylmethyl, 2-methyl-cyclooctylmethyl, 3-methylcydooctylmethyl, 4-methyl-cydooctylme- 

35 thyl, 5-methylcyclooctylmethyl, 1 -ethyl-cydooctylmethyl, 2-ethylcyclooctylmethyl , 3-ethyl -cydooctylmethyl, 4- 
ethylcydooctylmethyl, 5-ethyl-cyclooctylmethyl, 2-{1 -methylcyclooctyl)ethyl, 2-{2-methyicydoocty0ethyl, 2-(3- 
methyIcydooctyl)ethyl f 2-(4-methylcyclooctyf) ethyl, 2-(5-methylcydooctyl)ethy1, 2-<1 -ethylcydooctyl) ethyl, 2-{2- 
ethylcydooctyl)ethyl, 2-(3-ethylcydooctyl)ethyl, 2-{4-ethylcyclooctyl)ethyl, 2-(5-ethylcydooctyl)ethyl, 1 -f luoro-1 - 
cydohexylmethyl, 24luorocydohexylmethyl, 3-fluorocyclohexylmethyl, 4-4luorocyclohexyl methyl, 1,1-difluoro-1- 

40 cydohexylmethyl, 2,2-drfluorocydohexylmethyl, 3,3<lifluorocydohexyl-methyl, 4,4-difluorocydohexylmethyl, 1- 
fluoro-1 -cydo-heptylmethyl, 2-fluorocydoheptylmethyl, 3-fluorocydo-heptylmethyl, 4-fluorocydoheptyfmethyt, 1,1- 
difluoro-1 -cydoheptylmethyl, 2,2-d'rfluorocycloheptylmethyl, 3,3-difluorocydoheptyimethyl, 4,4-difluorocydoheptyl- 
methyl, 1 -f luoro-1 -(3-methylcyclohexyf)methyl, 2-fluoro-3-methylcyclohexylmethyl l 3-fluoro-3-methylcyclohexyl- 
methyl, 4-fluorc~3-methyt cydohexylmethyl, 1 ,1 <lif luoro-1 -(3-methylcydohexyI) methyl, 2,2-drfluoro-3-methyI- 

45 cydohexylmethyl, 3-trffluoromethylcydohexylmethyl, 4,4<lrfluoro-3-methylcydohexylmethyl, 1-fluoro-2- 
cydopentyl ethyl. 2-(2-fluorocydopentyO ethyl, 2-{3-fluorocydopenty0 ethyl, 1 ,1 -drf luoro-2-cydopentyl-ethyl, 2-(2,2- 
difluorocydopentyl)ethyl, 2-(3,3-difluorocydopentyl)ethyl, 1,1-difluoro-2-(2,2-drfluoro-cydoperrryl)ettiyl and 1,1-dif- 
luoro-2-(3 ( 3-dif luorocyclo-pentyl) ethyl ; 

cydoalkylidenealkyl groups such as cydopropylideneethyl , cydopropylidenepropyl, cyclopropyi id enebutyl, cydo- 
so propylidenepentyl, cydobutylideneethyl, cydobutyl idenepropyl, cyclobutyl idenebutyl, cyclo-butylideneperrtyl, 
cydopentylideneethyl, cydopentylidenepropyl, cydopentylidenebutyl, cydopentylidenepentyt, cydohexytidenee- 
thyl, cyclohexylidenepropyl, cydohexylidenebutyl, cyclohexylidenepentyl, cyclo-heptytideneethyl, cydoheptyli- 
denepropyl, cydoheptyli-denebutyl, cycloheptylideneperrtyl, cydooctylideneethyl, cydooctylidenepropyl, 
cydooctyl idenebutyl and cyclo-octylidenepentyl, and those cycloalkylidene alkyl groups in which optionally any 1 
55 to 6 hydrogen atoms are substituted with fluorine atom(s); 

cydoalkylalkenyl groups in which any of hydrogen atom(s) on the cydoalkyl ring may be substituted with lower 
alkyl, such as cydopropytpropenyl, cy dopropylbutenyl » cydopropylpentenyl, cydopropylhexenyl, cyclopropyi hepte- 
nyl, cyclobutylpropenyl, cydobutylbutenyl, cyclobutylpentenyl, cydopentylpropenyl, cydopentylbutenyl, 
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cydopentylpentenyl , cyclohexylpropenyl, cydohexyibutenyl, cydohexylpentenyl, cycloheptylpropenyl and cyclooc- 
tylpropenyl, and those cycloalkylalkenyl groups in which optionally any 1 to 6 hydrogen atoms are substituted with 
fluorine atom(s); 

cycloalkylalkynyl groups in which any of hydrogen atom(s) on the cycloalkyl ring may be substituted with lower 
alkyl, such as cy clopropylpropynyl , cydopropylbutynyl, cyclopropylperrtynyl , cydopropyl-hexynyl, cyclopropyihepty- 
nyl, cydobutylpropynyf. cyclobutylbutynyl, cyclobutyipentynyl, cyclopentylpropynyi, cycloperrtylbutynyl, 
cydopentylperrtynyl, cydohexylpropynyl, cyclohexylbutynyl and cydohexylpentynyl, and those cycloalkylalkynyl 
groups in which optionally any 1 to 6 hydrogen atoms are substituted with fluorine atom(s); 
cydoalkenylalkyl groups in which any optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a 
lower alkyl group(s), such as cyclopropenylethyl, cyclopropenylpropyl, cydoprcpenylbutyl, cyclopropenylpentyl, 
cydopropenylhexyl, cyclopropenylheptyf, cyclobutenylmethyl, cyclobutenylethyl, cydobutenylpropyl, cyclopente- 
nylmethyl. cydohexenylmethyl, cydohexenylethyl, cycloheptenylmethyl, cycloheptenylethyl, cydooctenylmethyt, 
cydooctenyl ethyl, (1-methyl-2-cydopentenyl)methyl, (1-methyl-3-cydo-pentenyl)methyl, (2-methyl-1-cyclopente- 
nyl)methyl, (2-methyl-2-cydopentenyl)mettiyl, (2-methyl-3-cydopen-tenyl)methyl, (5-methyl-2-cyclopente- 
nyl)methyl, (5-methyl-1 -cyclopentenyOmethyl, (3-methyl- 1 -cycl open-tenyl) methyl , (3-methyl-2- 
cydopentenyl)methyl, (3-methyl-3-cyclopentenyl)methyl, (4-methyl-2-cydopen-teny[)methyl , (4-methyl-1 -cyclopen- 
teny1)methyl, (1 -methyl-2-cydohexenyOmethyl, (1 -methyl-3-cyclohexeny9-methyl, (2-methyM -cydohexe- 
ny I) methyl, (2-methyl-2-cyclohexenyl)methyl, (2-methyl-3-cydohexenyl)methyl, (6-methyl-3-cyclohexenyl)methyl , 
(6-methyl-2-cydo-hexenyl)methyl, (6-methyi-1 -cyclohexenyl)methyl, (3-methyl- 1 -cydohexenyl)methyl, (3-methy1-2- 
cydohexervyf)methyl , (3-methyl-3-cydohexenyl)methyl, (5-methyl-3-cyclohexenyl)methyl, (5-methyl-2-cydohexe- 
nyl)methyl, (5-methyl-1 -cyclohexenyl)methyl, (4-methyl- 1 -cyclohexenyl)methy1, (4-methyl-2-cyclohexenyl)methyl, 
(4-methyl-3-cydohexenyl)methyl, (1 -methyl-2-cycloheptenyl)methyl, (1 -methyl-3-cycloheptenyf)methyl, (1-methyl- 
4-cycloheptenyl)methyl, (2-methyM -cyclohepteny1)methyl t (2-methyl-2-cydoheptenyl)methyl l (2-methyl-3- 
cydoheptenyl)methyl, (2-methyl-4-cydoheptenyl)methyl, (7-methyl-3-cydoheptenyl)methyl, (7-methyl-2-cydohep- 
tenyl)-methyl, (7-metiryl-l -cycloheptenyl)methyl, (3-methyl-1 -cydoheptenyl)methyl, (3-methyl-2-cyclohepte- 
nyl)methyl, (3-methyl-3-cycloheptenyl)methyt, (3-methyl-4-cyclo-heptenyl)methyi, (6-methyl-3- 
cydoheptenyf)methyl, (6-methyl-2-cydoheptenyf)methyi, (6-methyl-1 -cydohepten-yl)methyl, (4-methyl-1 -cyclohep- 
tenyl)methyl, (4-methyl-2-cycloheptenyl)methyl, (4-methyl -3-cycloheptenyQ -methyl, (4-methyl-4-cydohepte- 
nyf)methyl, (5-methyl-3-cycloheptenyl)methyl, (5-methyl-2-cycloheptenyl)methyi, (5-methyl-1- 
cydoheptenyl)methyl, (1-methyl-2-cydo-oclenyl)methyl, (1-methyl-3-cydoodenyl)methyl p (1 -methyl-4-cydoocte- 
nyl)methyl, (2-methyl-1 -cyclooctenyQ-methyl, (2-methyl-2-cydooctenyl)methyl ( (2-methyl-3-cydooctenyl)methyl, 
(2-methyl-4-cydooctenyl)methyl. (8-methyl-4-cyclooctenyl)methyl, (S-methyl-3-cyclo-octenyOmethyi, (8-methy1-2- 
cydooctenyl)methyl, (8-methyl-l -cydooctenyOmethyl, (3-methyl- 1 -cydooctenyO-methyl, (3-methyl-2-cydoocte- 
nyf) methyl, (3-methyl-3-cydooctenyf)methyl, (3 -methyl -4-cyclooctenyl) methyl , (7-methyl-4-cyclooctenyl) methyl, (7- 
methyl-3-cydoodenyl)methyl, (7-methyl-2-cydooctenyl)methyl, (7-methyl-1 -cyclooctenyl)methyl, (4-methyl- 1 - 
cydooctenyl)methyl, (4-methyl-2-cydooctenyl)methyl, (4-methyl-3-cyclooctenyf)methyt, (4-methyi-4-cydoocte- 
nyOmethyl, (6-methyI-4-cydooctenyl)methyl f (6-methyl-2-cydooctenyl)methyl, (6-methy1-1 -cydooctenyf)methyl, (5- 
methyl- 1 -cydoocteny l)methyl , (5-methyl-2-cydooctenyi)methyl , (5-methyl-3-cyclooctenyl)methyl and (S-mettryl-4- 
cydooctenyl)methyl, and those cydoalkenylalkyl groups in which optionally any 1 to 6 hydrogen atoms are substi- 
tuted with fluorine atom(s); and 

cydoaikenylalkertyl groups in which any of hydrogen atoms on the cycloalkenyl ring may be substituted with lower 
alkyl such as cyclopropenylpropenyl, cydopropenylbutenyl, cydobutenylbutenyl, cyclopentenytpropenyl, cyclopen- 
tenylbutenyl, cyclopropenylpentenyl, cyclopropenylhexenyl. cyclopropenylheptenyl, cyclobutenylpropenyl, 
cydohexenylpropenyl and cydohexenylbutenyl, and those cycloalkenylalkenyl groups in which optionally any 1 to 
6 hydrogen atoms are substituted with fluorine atom(s). 

[0014] "Aralkyl (optionally any 1 to 3 hydrogen atoms on the ring in the aralkyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nrtro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower aiky!amino) N 
signifies unsubstrtuted or substituted Cy-C^ aralkyl groups. As their examples, unsubstituted benzyl, phenethyl, phe- 
nylpropyl and naphthylmethyl. and those substituted with above-listed substituents may be named. 
[0015] "Arylalkenyl (optionally any 1-3 hydrogen atoms on the ring in the arylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino)" signifies unsubstituted or substituted C 8 -C 12 arylalkenyl groups, examples of which include unsubstituted 
phenylpropenyl and naphthylpropenyl, and those substituted with above-listed substituents. 
[001 6] Examples of "heteroarylal kyl having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen 
and sulfur (optionally any 1-3 hydrogen atoms on the ring in the heteroarylalkyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)" 
include unsubstituted 2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 2-thiazolylmethyl, 4-thiasolylmethyl, 2-thienyl- 
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methyl, 3-thienylmethyl, 1 -imidazolylmethyl, 2-imkJazolylmethyl, 2-imidazolyfmethyl, 4-imidazolylmethyl, 3-pyrazolylme- 
thyl, 4-pyrazolylmethyl, 2-furylmethyi, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolylmethyl, 2-pyrimidinylmethyl, 4- 
pyrimidinylmethyl. 5-pyrimidinylmethyl, pyrazinytmethyl, 3-pyridazinylmethyl, 4-pyridazinylmethyl, 3-quinolylmethyl, 4- 
quinolylmethyt, 5-quinolylmethyl, 6-quinolyImethy!, 7-quinolyImethyl, 8-quinoIytmethyt, 1-isoquinolylmethyl, 3-isoqini- 
nolylmethyl, 4-isoquinolyl-methyl, 5-isoquinolylmethyl, 6-isoquinolylmethyl. 7-isoquinolylmethyl, 8-isoquinolylmethyl, 2- 
benzothie-nylmethyl, 3-benzothienylmethyi, 4-berizothienylmethyl, 5-benzothienytmethyl, 6-benzothienylmethyl, 7-ben- 
zothienylmethyl, 2-indolylmethyl, 3-indolylm ethyl, 4-indolylmethyl, 5-indolylmethyl, 6-iiidolylmethyl, 7-indolyimethyl, 2- 
benzimidazolyJmethyl, 4-benzimidazolylmethyl, 5-benzimidazolylmethyl, 2-benzothiazolylmethyl, 4-benzothiazolylme- 
thyl, 5-benzothiazo!ylmethyl, 6-benzothiazolylmethyl, 7-benzothiazolyimethyl. 2-benzoxazolylmethyl, 4-benzoxazolyt- 
methyl, 5-benzoxazolyl methyl, 6-benzoxazolylmethyl, 7-benzoxazolylmethyl, 2-benzofuranylmethyl, 3- 
benzofuranylmethyl, 4-benzofuranylmethyl, 5-benzofuranylmethyi, 6-benzofuranylmethyl, 7-benzofuranylmethyl, 2-pyri- 
dylethyl, 2-pyridyIpropyl, 3-pyridylethyl, 4-pyridylethyl, 2-thiazolyl ethyl, 2-thienylethyi, 3-thienylethyl. 1-imidazolyl ethyl, 
2-imidazolyl ethyl, 3-pyrazolylethyl, 4-pyrazo!yi ethyl, 2-furylethyl, 3-furyl ethyl, 2-pyrrolylethyl, 3-pyrrolylethyl, 2-pyrimidi- 
nylethyl, 4-pyrimidinylethyl, 5-pyrimidinyl-ethyl, pyrazinyiethyl, 3-pyridazinylethyl, 4-pyridazinylethyl. 2-quinizylethyl t 2- 
benzothienyl ethyl, 3-benzothienylethyl, 4-benzothienylethyl, 5-benzothienylethyl, 6-benzothienyi ethyl, 7-benzothienyle- 
thyl, 2-indolylethyl, 3-indolylethyl t 4-indolyl ethyl, 5-indolyl-ethyl, 6-indolyl ethyl, 7-indolyl ethyl, 2-benzimidazolylethyl, 4- 
benzimidazolyl ethyl, 5-benzimidazolyt ethyl, 2-benzothiazolyl ethyl, 4-benzothiazolylethyl, 5-benzothiazolyl ethyl, 6-ben- 
zothiazolylethyl, 7-bensothiazolyl ethyl, 2-benzoxazolyl ethyl, 4-benzoxazolylethyl, 5-benzoxazolylethyl, 6-benzoxa- 
zolyl ethyl, 7-benzoxazdyl ethyl, 2-benzofuranylethyJ, 3-benzofuranyl ethyl, 4-benzofuranylethyl, 5-benzofuranyl ethyl, 6- 
benzofuranylethyl and 7-benzofurany! ethyl, and those which are substituted with above-listed substrtuerrts. 
[001 7] As examples of "heteroarylalkenyl having 1 -2 hetero atoms selected from the group consisting of nitrogen, oxy- 
gen and sulfur (any 1 to 3 hydrogen atoms on the ring of said heteroarylalkenyl group may be substituted with lower 
alkyl, trif luoromethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino)", 
unsubstrtuted 2-pyridylpropenyl, 3iDyridylpropenyl, 4-pyridylpropenyl, 2-thiazolylpropenyl, 2-thienylpropenyl, 3-thienyl- 
propenyl, 1-imidasolylbut«iyl, 2-imidazolyipropenyl, 3-pyrazolyipropenyl, 4^>yrazolylpropenyl, 2-furylpropenyl, 3-furyl- 
propenyl, 2-pyrrolylpropenyl, 3i3yrrolylpropenyl ( 2-pyrimidinylpropenyl, 4-pyrimidinylpropenyl, 5-pyrimidinytpropenyl, 
pyrazinylpropenyl, 3-pyridazinylpropenyl, 4-pyridazinylpropenyl, 2-quinidylpropenyl, 2-benzothienylpropenyl and 2- 
indolylpropenyl, and those substituted with above-named substituents may be named. 
[001 8] "Halogen" include fluorine, chlorine, bromine and iodine. 

[001 9] "Lower alkyl" signifies C 1 -C 6 straight chain or branched alkyl groups, for example, methyl, ethyl, propyl, isopro- 
pyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, hexyl and isohexyl groups. 

[0020] "Lower alkoxy" signifies C r C 6 straight chain or branched alkoxy groups, for example, methoxy, ethoxy, pro- 
poxy, isopropoxy, butoxy. sec-butoxy, isobutoxy, t-butoxy, pentyloxy, isopentyloxy, hexyloxy and isohexyl-oxy groups. 
[0021] "Lower alkoxycarbonyl" signifies CyCj straight chain or branched alkoxycarbonyl groups, for example, meth- 
oxycarbonyl, ethaxycarbonyl, propoxycarbony, isopropoxycarbonyl, butoxycarbonyl, sec-butoxy-cartxjnyl, isobutoxycar- 
bonyl, t -butoxycarbonyl, pentyloxycarbonyi, isopentyloxycarbonyl, hexyl oxycarbonyl and isohexyl oxycarbonyl groups. 
[0022] "Aralkyloxycarbonyl" signifies C7-C 10 aralkyloxycarbonyl groups, for example, benzyl oxycarbonyl and 
phenethyl oxycarbonyl groups. 

[0023] "Lower alkylamino" signifies C r C 6 straight chain or branched alkylamino groups, for example, methylamino, 
ethylamino, propylamino, isopropylamino, butylamino, sec-butylamino, t-butylamino. pentylamino, isopentylamino, hex- 
ylamino, isohexylamino, dimethylamino, diethylamino and diprof^amino groups. 

[0024] "Protected hydroxy! groups" signify hydroxy! groups which are protected with acy! such as acetyl, alkylsilyl such 
as trimethylsilyl and t-butyldimethylsilyl, aralkyl such as benzyl and trrtyl, ether group such as methoxymethyl, and in the 
form of alkylideneketal such as isopropylideneketal. 

[0025] "Protected oxo groups" signify oxo groups which are protected in the form of acetal or ketal such as ethylene 
ketal, trimethylene ketal and dimethyl ketal. 

[0026] "Protected amino or lower alkylamino groups" signify amino or lower alkylamino groups which are protected 
with, for example, aralkyl groups such as benzyl, p-methoxybenzyl, p-nrtrobenzyl, benzhydryl and trrtyl; lower alkanoyl 
groups such as formyl, acetyl and propionyl ; arylalkanoyl groups such as phenylacetyl and phenoxyacetyl ; lower alkox- 
ycarbonyl groups such as methoxycarbonyl, ethoxycarbonyl, isobutoxycarbonyl and t-butoxycarbonyl ; alkenyloxycarb- 
onyl groups such as 2-propenyioxycarbonyl ; aralkyloxycarbonyl groups such as benzyloxycarbonyl and p- 
nrtrobenzyl oxycarbonyl, and lower alkylsilyl groups such as trimethylsilyl and t-butyldimethylsilyl. In particular, amino or 
lower alkylamino groups which are protected with t-butoxycarbonyl and benzyloxycarbonyl groups are preferred. 
[0027] Also "deprotection" signifies removal of protective groups by the means conventionally used in the field of 
organic chemistry, such as hydrolysis, hydrogenoiysis and the like. 
[0028] Referring to the general formula [I], 

(1) Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting 
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of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be sub- 
stituted with lower alkyl, trifluoromethyt, cyano, hydroxy), nrtro, lower alkoxycarbonyl, halogen, lower alkoxy, amino 
or lower alkylamino). In particular, unsubstituted phenyl or substituted phenyl having above- named substrtuents 
are preferred. 

(2) R 1 is a C3-C 6 cycloalkyi which may have 1 to 4 fluorine atoms on the ring; cyclobutyl, cyclopentyi, cyclohexyl, 
2-fluorocyclobutyl, 34luorocyclobutyl, 2,2-difluorocydobutyl, 3,3-difluorocydobutyl, 2-fluorocydoperrtyl, 3-fluorocy- 
cloperrtyl, 2,2-difluorocyclopentyl, 3,3-drfluorocydopentyl, 2,2,3,3-tetrafluorocydopentyl, 3,3,4,4-tetrafluorocy- 
clopentyl, 2-f luorocyclohexyi, 3 -f luorocyclohexyi, 4-fIuorocyclo-hexyl, 2,2-difluorocyclohexyl, 3,3-drfluorocydohexyl 
and 4.4-drf luorocyclohexyi being preferred. 

Of these, particularly 2-fluorocydobutyl, 3-fIuorocydobutyi, 2 t 2-difluorocyclobuty), 3,3-difluorocydobutyl, 2- 
fluorocydopentyl, 34luorocydopentyl, 2,2-difluorocyclopentyl, 3,3-difiuorocyclopentyl, 2,2,3,3-tetrafluorocy- 
dopentyl, 3.3.4,4-tetraflurocyclopentyl, 2-fluorocyclohexyI, 3-fluorocyclohexyl, 4-fluorocydohexyl, 2,2-difluorocy- 
ctohexyl, 3, 3-drf luorocyclohexyi and 4, 4-dif luorocyclohexyi are preferred. 3,3-Drfluorocydopentyl is the best 
preferred. 

(3) X represents O or NH, NH being the preferred. 

(4) R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen atoms 
may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylalkyl or heteroaryl -alkenyl group having 1 
to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 3 hydrogen 
atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxy!, nrtro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino). Of these, the groups expressed by the following formula [II], in which any 1 to 6 hydrogen atoms may 
be substituted with fluorine atom(s), 



Q represents methylene, ethylene, trimethylene or tetramethylene; 

R a and R c each represents a hydrogen atom or are combined to form a single bond; and 

R b > R d and R e may be the same or different and each represents a hydrogen atom, a Iowa* alkyl group, C3-C8 
cycloalkyi or cycloalkenyl, or R b and R d , or R d and R e together form each a C3-C8 cycloalkyi or cydoalkenyO, 

benzyl, phenethyl, phenylpropyl, phenylpropenyl or 2-pyridylmethyl, 2-pyridylethyl, 2-pyridylpropyl, 3-pyridylmethyl, 
4-pyridylmethyl, 2-thiazolylmethyl, 2-thienylmethyl, 3-thienylmethyl, 1-imkJazolylmethyl, 2-imidazolyimethyl, 4-imi- 
dazolyimethyl, 2-furyimethyl, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolylmethyl (any 1 to 3 hydrogen atoms on the 
ring of said benzyl, phenethyl, phenylpropyl, phenylpropenyl or heteroarylalkyl group may be substituted with lower 
alkyl, trifluoromethyl, cyano, hydroxyl, nrtro. lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino) are preferred. 

[0029] In particular, 2-thienylmethyl, 3-thienylmethyl, 2-furylmethyl, 3-furylmethyl, 2-pyridylmethyl or benzyl (any 1-3 
hydrogen atoms on the ring in the thienylmetnyl, furylmethyl, pyridylmethyl or benzyl group may be substituted with 
lower alkyl, trifluoromethyl, cyano, hydroxyl, nrtro, lower alkoxycarbonyl, halogen, amino, lower alkylamino or lower 
alkoxy) are preferred, inter alia. 6-aminopyridin-2-ylmethyl group is preferred. 

[0030] According to the manner of substitution, the compounds of the present invention may exist in the form of ster- 
eoisomers such as optical isomers, diastereoisomers and geometrical isomers. It is to be understood that the com- 
pounds of the present invention also indude all such stereoisomers and mixtures thereof. 

[0031 ] Moreover, the compounds of the present invention may exist in the form of pharmaceutically acceptable salts. 
Such salts indude inorganic acid salts such as hydrochlorides, sulfates, nitrates, phosphates and perchlorates; organic 
carboxylic acid salts such as maleates, fumarates. succinates, tartrates, citrates and ascorbates; organic sulfonic acid 
salts such as methanesulfonates, isethionates, benzenesuKonates and p-toluenesulfonates; and the like. 
[0032] The compounds of the above general formula [I] in accordance with the present invention can be prepared, for 
example, by: 



R a R c 




[II] 



[in which 



8 



EP0 930 298A1 



(a) reacting a carboxylic acid of the general formula [III] 



At 

HO— [— COOH 
R 10 



[Ml] 



[wherein Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group 
consisting of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group 
may be substituted with lower alkyl, trrfluorom ethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower 
alkoxy, amino or lower alkylamino); and R 10 represents a C3-C 6 cycloalkyl in which any 1 to 4 hydrogen atoms 
may be substituted with fluorine atom(s) or a C3-C 6 cycloalkyl having 1 to 2 protected or unprotected hydroxyl 
or oxo group(s)] 

or a reactive derivative thereof with a compound of the general formula [IV] 



[wherein R 20 represents a C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 6 
hydrogen atoms may be substituted with fluorine atom(s), C 5 -C 15 saturated or unsaturated aliphatic hydrocar- 
bon group having 1 -2 protected or unprotected hydroxyl or cxo group(s), aralkyl, arylalkenyl, heteroarylalkyl or 
heteroarylalkenyl group having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and 
sulfur (optionallly any 1 to 3 hydrogen atoms on the ring in said aralkyl. arylalkenyl, heteroarylalkyl or heteroar- 
ylalkenyl group may be substituted with lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxycarbo- 
nyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or protected lower alkylamino or 
aralkyloxycaibonyl group) and X stands for NH or O] or a salt thereof; 

and when either R 10 or R 20 has unprotected or protected 1 to 2 hydroxyl or oxo group(s) converting said hydroxyl 
or oxo groups to fluorine atom(s) either as they are or after removing the protective group(s); when R 10 or R 20 has 
protected amino or protected lower alkylamino group(s), removing the protective group(s); and when R 10 or R 20 
has lower alkoxycarbonyl or aralkyloxycarbonyl, converting the same to amino; or 

(b) reacting a carboxylic acid of the above general formula [III] or a reactive derivative thereof with a compound of 
the general formula [V] 



[wherein E is a protective group for the imino group, and X is as defined above] or a salt thereof; deprotecting 
the resulting compound of the general formula [VQ 




[IV] 




[V] 
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[VI] 



[wherein Ar t R 10 , X and E are as defined above] hereafter reacting the same with a compound of the genera) 
formula [VII] 

R 20 -L [Viq 

[wherein L represents a leaving group, and R 20 is as defined above] 

in the presence of a base, if necessary, and again if necessary conducting a conversion reaction of R 10 and R 20 
similar to the above; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkylation reaction 
with a compound of the general formula [VIII] 

R 21 -CHO [VIII] 

[wherein R 21 represents a C 4 -C 14 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 6 
hydrogen atom(s) may be substituted with fluorine atom(s), C 4 -C 14 saturated or unsaturated aliphatic hydro- 
carbon group having unprotected or protected 1 to 2 hydroxyl or coco group(s), aryl, aralkyl, arylalkenyl or het- 
eroaryl, heteroarylalkyl or heteroarylalkenyl having 1 to 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur (optionally any 1 -3 hydrogen atoms on the ring in said aryl, aralkyl, arylalkenyl, het- 
eroaryl, heteroarylalkyl or heteroarylalkenyl group may be substituted with lower alkyl, trifluoromethyl, cyano, 
hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or 
protected lower alkylamino or aralkytoxycarbonyf)], 

and if necessary conducting the conversion reaction of R 10 and R 21 similar to the foregoing. 

[0033] in the above formula [VII], leaving groups" represented by L include, for example, halogen atoms such as chlo- 
rine, bromine and iodine; alkylsulfonyloxy groups such as methanesulfonylaxy; and arylsulfonyloxy groups such as p- 
toluenesurfonyloxy. 

[0034] In the above formulae [V] and [VI], "protective groups for the imino group" represented by E signify similar pro- 
tective groups to those for amino as above. 

[0035] In the above-described process variant (a), a carboxylic acid of formula [III] is reacted with a compound of for- 
mula [IV] or a salt thereof in the presence of a suitable condensing agent Thus, there is obtained a coupled compound 
of the genera! formula [IX] 




[wherein Ar, R 10 , X and R 20 are as defined above]. 

[0036] The carboxylic acid of formula [III] used as a starting material in the above condensation reaction can be pre- 
pared, for example, by the method as described in Referential Examples. 

[0037] The condensing agent to be used in the above-described reaction may be any of those which are commonly 
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used in the field of organic synthetic chemistry for condensation reactions of carboxyl groups with hydroxyl or amino 
groups, and examples thereof include N.N'-dicydohexylcartxxJHmide. 1-ethy1-3K3<limethyl^nrtinop^ 
diphenylphosphoryl azide and dipyrtdyl disulfkJe-triphenytphosphine. Of these. 1 -ethyl -3-(3-dimethylaminopropyl)car- 
bodiimide is preferred. 

[0038] Use rate of these condensing agents are subject to no critical limitation, white normally it may be within a range 
of 1 to 5 equivalents, preferably 1 to 2 equivalents, per mole of the compound of formula [HQ. 
[0039] If necessary, the above-described condensation reaction may be carried out in the presence of a base. Bases 
which can be used for this purpose indude, for example, aliphatic tertiary amines such as trtethylamine and diisopro- 
pyiethylamine; and aromatic amines such as pyridine, 4-dimethyiaminopyridine, quindine. 4-Dimethylaminopyridine is 
particularly preferred. 

[0040] The condensation reaction is preferably earned out in an inert solvent Suitable inert organic solvents indude, 
for example, diethyl ether, tetrahydrofuran, N.N-dimethytformamide, dioxane, benzene, toluene, chiorobenzene, meth- 
ylene chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the foregoing sol- 
vents. Of these, diethyl ether, tetrahydrofuran, N.N-dimethytformamide and dioxane are preferred. 
[0041 ] The reaction temperature may usually range from -70°C to the boiling point of the solvent used for the reaction 
and preferably from -20°C to 1 00°C. Under these conditions, the reaction can usually be completed in a period of time 
ranging from 5 minutes to 7 days and preferably from 10 minutes to 24 hours. 

[0042] The proportion of the compound of formula [IV] or a salt thereof to the compound of formula [HQ is not critical 
and may vary according to the kinds of individual compounds, the reaction conditions employed and other factors. 
Whereas, the compound of formula [IV] or a salt thereof may usually be used m an amount of 1 to 5 moles, preferably 
1 to 2 moles, per mole of the compound of formula [HQ. 

[0043] The coupled compound of the above formula [IX] can also be obtained by converting the carbaxylic add of 
formula [III] into a reactive derivative thereof and condensing it with the compound of formula [IV] or a salt thereof. 
[0044] Suitable reactive derivatives of the carboxylic acid of formula [HQ indude, for example, compounds which are 
commonly used in the field of organic synthetic chemistry for activation of carboxyl group(s) in an esterif ication or ami- 
dation reaction, such as mixed acid anhydrides, active esters and active amides. 

[0045] Mixed acid anhydrides of the carboxylic acid of formula [III] can be obtained by reacting the carboxylic add of 
formula [III] with an alkyl chlorocarbonate, e.g., ethyl chiorocarbonate, an aliphatic carboxylic acid chloride, e.g., acetyl 
chloride, pivaloyl chloride or the like according to conventional method. Reactive esters thereof can be obtained by 
reacting the carboxylic acid of formula [III] with an N-hydroxy compound, e.g., N-hydroxysuccinimide, N-hydraxyph- 
thalimide or 1 -hydroxybenzotriazole; or a phenol compound, e.g., 4-nitrophend, 2,4-dinitrophenol, 2,4,5-trichiorophe- 
nol, pentachlorophenol or the like; in the presence of a condensing agent e.g., N,N' -dicyclohexylcartxxJiimide, 1-ethyl- 
3-(3-dimethylaminopropy0carixxliirnide, diphenylphosphoryl azide or dipyridyl disutfide-triphenylphosphine, according 
to conventional method. Reactive amides thereof can be obtained by reacting the carboxylic acid of formula [III] with 
1,1' -carbonyl -dii midazole, 1,1' -carbonyibis(2-methylimidazde) or the like according to conventional method. 
[0046] The condensation reaction of a reactive derivative of a carboxylic acid of formula [HQ with a compound of for- 
mula [IV] or a salt thereof is preferably carried out in an inert solvent Suitable inert organic solvents indude, for exam- 
ple, diethyl ether, tetrahydrofuran, N,N<Omethyrformamide, dioxane, benzene, toluene, chiorobenzene, methylene 
chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the foregoing solvents. Of 
these, diethyl ether, chloroform, tetrahydrofuran, N,N-dimethyrformamide and dioxane are preferred. 
[0047] The reaction temperature may usually range from -70°C to the boiling point of the solvent used for the reaction 
and preferably from -20°C to 1 00°C. 

[0048] The proportion of the compound of formula [IV] or a salt thereof to the reactive derivative of a carboxylic acid 
of formula [HQ is not critical and may vary according to the kind of the reactive derivative and other factors, while the 
compound of formula [IV] or a salt thereof may usually be used in an amount of 1 to 5 mdes, preferably 1 to 2 moles, 
per mole of the reactive derivative of the carboxylic acid of formula [HQ. 

[0049] In the coupled compounds expressed by the general formula [IX], when R 10 is a Qj-Ce cycloalkyl group having 
1 -2 unprotected or protected hydroxy! or oxo group(s). or R 20 is an aliphatic hydrocarbon group having 1 -2 unprotected 
or protected hydroxyl or oxo group(s). the hydroxyl or oxo group(s) are converted to fluorine atom(s) either as they are 
or after removing the protective group(s). 

[0050] Removal of protective groups from hydroxyl and oxo groups which are protected in the form of ketals in the 
compounds of formula [IX] can normally be effected in aqueous solvent, using an inorganic acid, an organic add, a 
weakly addic salt or the like. Suitable inorganic acids indude, for example, hydrochloric acid and sulfuric acid; suitable 
organic acids indude, for example, p-toluenesulfonic add, benzenesulfonic acid, camphor-sulfonic acid and acetic acid; 
and suitable weakly addic salts include, for example, ammonium chloride and pyridinium p-toluenesuffonate. Preferred 
aqueous solvents include aqueous methanol, aqueous ethanol, aqueous tetrahydrofuran, aqueous dioxane and the 
like. The reaction may usually be carried out in the presence of a catalytic amount to 5 equivalents, preferably a catalytic 
amount to 1 equivalent, of such an add or salt at a temperature ranging from 0°C to 100°C and preferably from room 
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temperature to 80°C. 

[0051 J Conversion of the hydroxy! or oxo group(s) to fluorine atom(s) can normally be effected by causing the com- 
pound to react in an inert solvent which is not detrimental to the reaction, e.g., methylene chloride, chloroform, tetrahy- 
drofuran, methanol, acetonitrile, dimethylsulfoxide or pyridine, or in the absence of a solvent, using one equivalent to an 

5 excessive amount preferably 1 -2 equivalents, of a fluorinating agent such as sulfurtetraf luoride. diethylaminosulfurtrif- 
luoride, cesium fluorosulfate, tetrabutylammortium fluoride, trisfdimethylaminojsulfonium^ifluorotrimethylsilicate, 
hydrogen fluoride or tosyl fluoride, preferably at temperatures ranging -80°C - 180°C for 10 minutes to 72 hours. 
[0052] When R 20 in the compounds expressed by general formula [IV] or [IX] has protected amino group(s) or pro- 
tected lower alkylamino group(s), the protective group(s) are removed if necessary; when lower alkoxycarbonyl or ary- 

w loxycarbonyl group(s) are present, the functional group(s) are suitably converted to amino group(s). Removal of amino- 
protective groups can be effected by processes known per. se, for example, any of those described in Protective Groups 
in Organic Synthesis. T.W. Greene, John Wiley & Sons Co. (1981) or methods analogous thereto, for example, solvol- 
ysis using an acid or base, chemical reduction using a metal hydride complex or the like and catalytic reduction using 
palladium-on-carbon, Raney-nickelorthelike. 

is [0053] Sofvolysis with an acid can normally be carried out by treating the compound with an acid such as formic add, 
trif luoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent such as methylene chloride, anisole. tetrahydro- 
furan, dioxane, methanol or ethanol or a mixture of such a solvent and water, or in the absence of solvent, preferably at 
a temperature in the range from about 0° to about 100°C, for a period of time ranging from 10 minutes to 24 hours. 
[0054] Sofvolysis with a base can normally be carried out by treating the compound with an alkali metal hydroxide, 

20 e.g., lithium hydroxide, sodium hydroxide or potassium hydroxide; an alkali metal carbonate, e.g., sodium carbonate or 
potassium carbonate, in an inert solvent which exerts no adverse effect on the reaction, e.g., methanol, ethanol, isopro- 
panol, tetrahydrof uran or dioxane or a mixture of such a solvent and water, preferably at a temperature in the range of 
from about -20 to about 80°C, for a period of time ranging from 10 minutes to 24 hours. 

[0055] Catalytic reduction can normally be carried out in the presence of a catalyst such as palladium-on-carbon, pal- 
25 ladium hydroxide, Raney nickel or platinum oxide, in an inert solvent, e.g., methanol, ethanol, water or acetic acid or a 
mixture of such solvents, preferably under a pressure of hydrogen of about 1 to about 20 Kg/cm 2 , preferably at a tem- 
perature in the range of from about 0 to about 40°C, for a period of time ranging from 10 minutes to 24 hours. 
[0056] Conversion of the lower alkoxycarbonyl or aryloxycarbonyl to amino can be conducted by either reacting the 
compound with hydrazine to form an acid hydrazide and thereafter converting it to the corresponding acid azide; or con- 
30 verting the compound to a carboxylic acid by hydrolysis, then to an acid azide, followed by rearrangement and hydroly- 
sis. 

[0057] In the process variant (b), the condensation reaction of a carboxylic acid of formula [111] or a reactive derivative 
thereof with a piperidine derivative of formula [V] in the first stage can be practiced in the manner similar to the conden- 
sation reaction of a carboxylic acid of formula [III] or a reactive derivative thereof with a compound of formula [IV] in the 
35 process variant (a). 

[0058] The compound of the foregoing formula [VI] obtained through this condensation reaction is then removed of 
the protective group(s) of imino group(s). 

[0059] Removal of said imino-protective groups from a compound of formula [VI] can be effected in the manner similar 
to above-described removal of amino-protective groups. 
40 [0060] Thus obtained compounds of the general formula 



[wherein Ar, R 10 and X are as defined above] is reacted with a compound of formula [VII] in the second stage, if 
necessary in the presence of a base. 

55 [0061 ] The reaction of the compound of formula [X] with the compound of formula [VII] is usually carried out in a suit- 
able solvent by using the compounds in substantially equimolar amounts or using either of the compounds in slight 
excess (e.g. , using the compound of formula [VII] in an amount of 1 to 1 .3 moles per mole of the compound of formula 
[X]). If desired, however, either of the compounds may be used in large excess. Moreover, a suitable base and/or an 




Ar o 



45 



[X] 



50 
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additive may be used. 

[0062] Suitable solvents include, for example, ethers such as diethyl ether, tetrahydrofuran and dioxane; aromatic 
hydrocarbons such as benzene, toluene, chlorobenzene and xylene; aprotic polar solvents such as dimethyl sulfoxide, 
N, N-dimethylformamide, acetonitrile and h exam ethyl phosphoric triamide; and mixtures thereof. 

5 [0063] Bases which can be used for above-described reaction include, for example, alkali metal bicarbonates such 
as sodium hydrogen carbonate and potassium hydrogen carbonate; alkali metal carbonates such as sodium carbonate 
and potassium carbonate; tertiary aliphatic amines such as trimethylamine, triethylamine, N.N-diisopropylethylamine, 
N-methylmorpholine, N-methylpyrrolidine, N-methylpiperidine, N,N-dimethylaniIine, 1,8-diazabicydo[5.4.0]undec-7-ene 
(DBU) and 1 ,5-diazabicydo[4.3.0]non-5-ene (DBN); and aromatic amines such as pyridine, 4-dimethylaminopyridine, 

w picoline, lutidine, quinoline and isoquinoline. Of these. N,N-diisopropylethylamine and potassium carbonate are pre- 
ferred. 

[0064] Additives which can be used for above-described reaction indude, for example, alkali metal iodides such as 
lithium iodide, sodium iodide and potassium iodide. Of these, potassium iodide is preferred. 

[0065] The reaction temperature may usually range from about 0°C to the boiling point of the solvent, and the reaction 
is time may usually range from 10 minutes to 48 hours. If desired, however, reaction conditions beyond these limits may 
beused. 

[0066] If necessary, furthermore, conversion reactions of R 10 and R 20 as described as to the process variant (a) are 
conducted. 

[0067] The reductive alkylation reaction of a compound of the above formula [X] with an aldehyde of formula [VIII] 
20 according to the process variant (c) is normally carried out in an inert solvent which exerts no adverse effect on the 
reaction. Suitable inert solvents indude, for example, alcohols such as methanol and ethanol; ethers such as diethyl 
ether, tetrahydrofuran and dioxane; aromatic hydrocarbons such as benzene and toluene; and mixtures thereof. Of 
these, methanol, ethanol, tetrahydrofuran and toluene are preferred. 

[0068] The reaction temperature may usually range from about -30°C to about 200°C and preferably from about 0°C 
25 to about 100°C. The readion time may usually range from 10 minutes to 7 days and preferably from 10 minutes to 24 
hours. 

[0069] The above-described reductive alkylation readion is preferably carried out under weakly acidic conditions 
which fadlitate formation of Schrff bases. Acids which can be used for the necessary pH control indude, for example, 
p-toluenesulfonic add, hydrochloric add, acetic add and trrf luoroacetic add. 

30 [0070] The reductive alkylation can be effected, for example, using a metal hydride complex such as sodium borohy- 
dride, sodium cyanoborohydride, lithium aluminum hydride or sodium triacetoxyborohydride, or by catalytic reduction 
using a palladium-on-carbon catalyst, a Raney nickel catalyst or the like. Preferably, it is effected using a metal hydride 
complex such as sodium borohydride or sodium cyanoborohydride. Especially when the reductive alkylation is carried 
out under weakly acidic conditions which facilitate formation of Schiff bases, it is preferable to use sodium cyanoboro- 

35 hydride or the like which are relatively stable in the acidic pH range. 

[0071 ] When a metal hydride complex is used as the redudng agent, the amount of reducing agent used may usually 
range from 1 mole to excessive moles, preferably from 1 to 10 moles, per mole of the compound of formula pq. 
[0072] If necessary, then the conversion reactions of R 10 and R 21 as described as to the process variant (a) are car- 
ried out. 

40 [0073] The compounds of formula [I] which are obtained according to the above-described process variants (a), (b) 
and (c) can be isolated and purified by those methods known per se. i.e. such customarily used separation means as 
column chromatography using silica gel, adsorbent resin or the like, liquid chromatography, thin-layer chromatography, 
solvent extraction or recrystallization and repredpitation. 

[0074] The compounds of the present invention and intermediates thereof exist in stereoisomers forms such as enan- 
45 tiomeric isomers, diastereoisomers and geometrical isomers. It is to be understood that the compounds of the present 
invention also indude all such stereoisomerically pure substances and mixtures thereof. When the compounds of the 
present invention and intermediates thereof are racemates, their optical resolution can be achieved by conventional 
means such as high-performance liquid chromatography using a chiral carrier or fractional crystallization of a diastere- 
omeric salt 

so [0075] The compounds of formula [Q obtained in the above-described manner may be converted into pharmaceuti- 
cally acceptable salts thereof according to usual manner. Conversely, such salts may also be converted into the corre- 
sponding free amines according to usual manner. 

[0076] The compounds of formula [I] in accordance with the present invention exhibit potent and selective inhibitory 
activity for binding to muscarinic receptors, a potent and selective antagonism to muscarinic receptors in vitro and, fur- 
55 thermore, potent and durable bronchodilatory action in vivo . These activities exhibited by the compounds of the present 
invention are demonstrated by the following tests on the inhibition of binding to muscarinic receptors and tests on antag- 
onism against various muscarinic receptors. 
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Tests on inhibition of binding to muscari nic receptors 

[0077] These tests were performed according to a modification of the method of Hargreaves et al. (Br. J. Pharmacol. 
1 07: 494-501 , 1 992). Muscarinic receptors ml -rn5 expressed in CHO cells (Receptor Biology, Inc.) were incubated with 
0.2 nM [ 3 H]-N-methylscopolamine (84Ci/mmol, New England Nuclear, Inc.) and a test compound to be tested in 0.5 ml 
of 50 mM Tris-HCI - 10 mM Mgd 2 - 1 mM EDTA (pH 7.4) for 1 20 minutes at room temperature (about 20-25°C), followed 
by suction filtration ever glass filters (UniFilter-GF/C; Packard). Then the filter was washed four times with 1 ml of ice- 
cold Tris-HCI buffer and dried at 50°C for an hour. After adding a scintillator (Microscinti O; Packard), the radioactivity 
of [ 3 H]-N-methylscopolamine binding to the filter was counted by a microplate scintillation counter (TopCount™; Pack- 
ard). Non-specific binding of [ 3 H]-N-methylscopolamine was measured by adding 1 pM N-methylscopdamine. Accord- 
ing to the method of Cheng and Prussoff (Biochem. Pharmacol. 22: 3099-3108, 1973), the binding affinity (Ki value) of 
a compound of the present invention for muscarinic receptors was calculated from the concentration of the test com- 
pound which achieved 50% inhibition of binding of [ 3 H]-N-methylscopolamine, labeled ligand (IC50 value). 



Table 1 



Inhibitory Effects on Binding to Muscarinic it^ and m3 
Receptors 




Ki(nM) 


m^rrvs 




ma 


013 




Compound of Example 1 


3200 


5.5 


590 


Compound of Example 10 


17000 


8.9 


1900 


Compound of Example 1 1 


460 


3.2 


140 


Compound of Example 12 


8600 


30 


290 


Compound of Example 14 


1400 


10 


140 


Compound of Example 15 


1000 


3.5 


290 


Compound of Example 20 


550 


3.0 


180 


Compound of Example 21 


50000 


22 


2300 


Compound of Example 22 


13000 


19 


680 


Compound of Example 26 


24000 


22 


1100 


Compound of Example 27 


4200 


20 


210 


Compound of Example 31 


10000 


19 


520 



[0078] As is clear from the results indicated in above Table 1 , those compounds of the present invention exhibited far 
higher binding-inhibitory activity to 013 receptor, than to rrfe receptor. 

Tests for Antagonism to Muscarinic Receptors (in vitro) 

1) Teste for antagonism to M 2 receptor in an isolated rat right atrium 

[0079] These tests were performed according to a conventional method. A male SD strain rat (weighing 300-500 g) 
was killed by exsanguination, and the right atrium was isolated. This preparation was isometrically suspended in organ 
bath filled with 20 ml of Krebs-Henseleit solution (gassed with 95% 0 2 • 5% CQ 2 and kept at 32°C) with an initial tension 
of 0.5 g. The heart rate was recorded with a heart rate counter. After the preparation was equilibrated for 30 minutes, 
carbachol (10' d to 10~ 6 M) was cumulatively administered in three-fold increasing doses. Thus, a decrease in heart rate 
was measured to obtain a dose-response curve for the control experiment. After the preparation was washed with fresh 
solution to restore the heart rate, a test compound was administered thereto. Ten minutes later, carbachol was cumu- 
latively administered again. Responses to carbachol were expressed as percentages based on the heart rate before 
administration of carbachol as 100%. The antagonistic potency (Kg value) of the test compound was determined from 
the degree of shift of the dose-response curve obtained by treatment with individual test compound of the present 
invention. 
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2) Tests for antagonism to the airway M 3 receptor in an isolated rat trachea 

[0080] These tests were performed according to a conventional method. A male SD strain rat (weighing 300-500 g) 
was killed by exsanguination, and the trachea was isolated. Annular segments (2 mm wide) were cut out from the tra- 

5 chea and cut transversely at the anterior cartilage part to make open ring preparation. A preparation was suspended in 
a Magnus tube filled with 5 ml of Krebs-Henselert solution (gassed with 95% O2 - 5% C0 2 and kept at 32°C) with an 
initial tension of 1 .0 g and a resting tension of 0.6 g. The tens ion of the preparation was recorded isometrically. After 
being equilibrated for an hour, the preparation was made to contract twice by treatment wfth 1 0" 4 M carbachol, and the 
second contraction induced by carbachol was used as the reference contraction. Alter the preparation was washed with 

10 fresh solution to be restored to the base line, a test compound was administered thereto (or no treatment was given). 
Ten minutes later, carbachol (10~ a to 10" 3 M) was cumulatively administered in three-fold increasing doses to obtain a 
dose-response curve. The dose-response curve was plotted by expressing responses as percentages based on the ref- 
erence contraction of the preparation as 100%. The antagonistic potency (Kb value) of the test compound was deter- 
mined from the degree of shift of the dose-response curve obtained by treatment with the test compound. 

15 



TABLE 2 



Antagonism to Muscarinic Receptors (in vitro) 




Ke(nM) 


M2/M3 




right atrium M2 


Trachea M3 




Compound of Example 1 


1000 


6.3 


160 


Compound of Example 1 1 


610 


0.95 


640 


Compound of Example 20 


2100 


1.6 


630 



[0081] As is clear from the results indicated in above Table 2, the compounds of the present invention exhibited far 
more powerful antagonism to the trachea M3 receptor than to the right atrium M 2 receptor. Therefore, the compounds 
30 of the present invention are more selective for trachea M 3 receptor. 

Tests fpr gnfrqonism against muscarinic M3 receptor (in vivo) 

1-A) Tests for bronchodilation in rats (i.v.) 

35 

[0082] Eight- to eleven-weeks-old male rats of the Sprague-Dawley strain, weighing 380-420 g, were anesthetized 
with urethane (750 mg/kg, i.p. ) and a-chloralose (37.5 mg/kg, i.p.)- The bronchus of each rat was intubated, and the 
right jugular vein was cannulated for drug administration. After spontaneous respiration was fully suppressed by succi- 
nyicholine (5 mg/body, s.c), the airway resistance was measured under artificial ventilation by means of a Pulmonary 

40 Mechanics Model 6 (Buxco). The acetylcholine (50 ng/kg, i.v.)-induced airway resistance increase was measured 5 
minutes before and 5 minutes after administration of test compound, and the ratio of the airway resistance of the latter 
to the former was calculated. In controls, isotonic sodium chloride solution was used in place of the test compounds and 
otherwise identical procedures were repeated, the calculated ratio of the airway resistance being set to be 100%. A 
dose that inhibited the acetylcholine-induced increase in airway resistance in the control groups by 50% was defined to 

45 be ED50, and the ED^ values of the test compounds were calculated by probrt analysis of their dose-response curves. 

1 -B) Tests for bronchodilation in rats (p.o.) 



[0083] Eight- to eleven-weeks-old male rats of Sprague-Dawley strain weighing 380-420 g were orally administered 
so with a test compound. The rats were treated in the identical manner as in the i.v. test, starting 30 minutes after the 
administration, and their airway resistance values were measured. The acetyl choline-(50 jig/kg, i.v.) induced airway 
resistance increase were measured 60 minutes after the administration of test compounds. In controls, isotonic sodium 
chloride solution was used in place of the test compounds and otherwise identical procedures were repeated, the air- 
way resistance values being set to be 100%. A dose that inhibited the acetylcholine-induced increase in airway resist- 
55 ance in the control groups by 50% was defined to be and the ED50 values of the test compounds were calculated 
by probit analysis of their dose-response curves. 
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TABLE 3 



Antagonism to Muscarinic Receptor Cm vivo) 




Inhibition of Airway Contrac- 
tion ED50 (mg/kg) 




iv 


po 


Compound of Example 1 


0.033 




Compound of Example 1 1 


0.032 


0.22 


Compound of Example 20 


0.040 


0.37 


Compound of Example 26 


0.37 


0.95 


atoropine 
ipratropium 


0.0043 
0.0015 





2) Tests for bronchodilation in dogs (p. o.) 

[0084] Twelve- to twenty-four-months-old male beagle dogs (weighing 1 0-1 5 kg) were anesthetized with pentobarbital 
(30 mg/kg, i.v.) and intubated in their bronchus. Their airway sensitivity (methacholine inhalation threshold value) were 
measured by means of the methacholine provocation test at least twice at two-weeks interval, and the dogs showing a 
reproducible methacholine reaction threshold values 1 ) ware selected. To those dogs whose methacholine reaction 
threshold value had been confirmed, the test compounds were orally administered (1 mg/kg). Four hours after the 
administration, the methacholine provocation test was conducted, and then the methacholine reaction threshold value 
2 ) after administration of the test compound was obtained. 

[0085] The bronchodilator activity of the test compound was determined following equation: 

shift value - methachotine reaction threshold value 1) after drug administration 
methacholine reaction threshold value 23 without drug administration 

[0086] The methacholine provocation test was conducted using Astograph TCK-61 00H Model (Chest). Methacholine 
chloride was used as bronchoconstritor, which was diluted with isotonic sodium chloride solution in 10-grade concen- 
tration levels starting from 40,000 ng/ml, as 20,000, 10,000, 5,000, 2,500, 1,250. 625, 312.5, 156 and 78 *ig/ml. These 
methacholine aerosols were inhaled to the test animal each for 1 min, starting from the lowest concentration level, and 
respiration resistance was continuously recorded. The concentration level at which the respiration resistance reached 
twice the initial value was recorded as the methacholine threshold value. 



TABLE 4 



Bronchodilation Activity in Dogs (Oral Administration) 




Methacholine Provoca- 
tion Test (1 mg/kg, p.o.) 




shift value (after 4 hrs.) 


Compound of Example 1 1 


21 


Compound of Example 20 


>69 


Compound of Example 26 


>64 



[0087] As clearly demonstrated in above Table 4, the compounds of the present invention exhibited powerful bron- 
chodilation action and long duration of the action. 

[0088] As above, the compounds of formula [I] of the present invention, which are characterized by introduction of 
fluorine atom(s) thereinto, exhibit potent and selective antagonistic activity against muscarinic M 3 receptors and exhibit 
excellent oral activity, duration of action and pharmacokinetics. Hence, they can be administered to patients orally or 
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parerrterally as safe pharmaceutics exhibiting little side effects, in the treatment or prophylaxis of diseases such respi- 
ratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhinitis: digestive diseases 
such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying contraction of smooth mus- 
cles of the digestive system: urinary disorders like urinary incontinence and frequency in neurogenic pollakiuria, neu- 
rogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and motion sickness. 
[0089] In practically using the compounds of the present invention for the treatment or prophylaxis of such diseases, 
they may be combined with pharmaceutical^ acceptable adjuvants in the usual manner to prepare pharmaceutical 
compositions suitable for administration. For this purpose, there can be used a variety of adjuvants which are commonly 
used in the field of pharmaceutics. Such adjuvants include, for example, gelatin, lactose, sucrose, titanium oxide, 
starch, crystalline cellulose, hydroxypropylmethylcellulose. carboxymethylcellulose, com starch, microcrystaJiine wax, 
white petrolatum, magnesium aluminate metasilicate, anhydrous calcium phosphate, citric acid, trisodium citrate, 
hydroxypropyl cellulose, sorbitol, sorbttan fatty acid ester, polysorbate, sucrose fatty acid ester, polyoxyethylene, hard- 
ened castor oil. polyvinyl pyrrolidone, magnesium stearate, light anhydrous silicic acid, talc, vegetable oil. benzyl alco- 
hol, acacia, propylene glycol, polyalkylene glycol, cycled extrin and hydroxypropyl cydodextrin. 
[0090] The dosage forms of pharmaceutical compositions prepared by using these adjuvants include solid prepara- 
tions such as tablets, capsules, granules, powders and suppositories; liquid preparations such as syrups, elixirs and 
injections; and the like. These preparations may be formulated according to conventional techniques well-known in the 
field of pharmaceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other suitable 
medium prior to use. In particular, injections may be in the form of a solution or suspension in physiological saline solu- 
tion or a glucose solution, or in powder form for reconstrtution by dissolution or suspension in physiological saline or a 
glucose solution prior to use. If desired, such injections may contain buffer agents and/or preservatives. 
[0091] As preparations for oral administration, such formulation forms, besides ordinary tablets, capsules, granules, 
powders and the like, aerosols or dry powders for inhalation, elixirs containing spices or coloring agents or suspensions 
may be employed. 

[0092] In these pharmaceutical compositions, a compound in accordance with the present invention may be present 
at a ratio of from 1 .0 to 1 00% by weight preferably 1 .0 to 60% by weight based on the total weight of the composition. 
These pharmaceutical compositions may additionally contain other therapeutically effective compounds. 
[0093] When the compounds of the present invention are used as drugs, their dosage level and dosage schedule may 
vary according to the sex, age and body weight of the patient, the severity of symptoms, the type and range of the 
desired therapeutic effect, and the like. Generally for oral administration, they are preferably administered in a daily 
dose of 0. 1 to 1 00 mg/kg for adults and this daily dose may be given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a daily dose of 0.001 to 10 mg/kg for adults and this daily dose may 
be given at a time or in several divided doses. 

[0094] Hereinafter the present invention is more specifically explained with reference to working examples, it being 
understood that the examples are in no way limitative of the scope of the invention. 



(2R)-N-f 1 -f4-mgW-3-pentenyl)pinQrjdin^-YT|-2-f(1 R)-3, 3-fliffuQrpcyclcftern^ 



Step 1. Synthesis of 1-f4-methyl-3-pQnt^nyl)•4-piperidpne 

[0096] To a solution of 2.5 g of 4-piperidone mono-hydrochloride monohydrate in 1 50 ml of acetonftrile, 1 1 g of potas- 
sium carbonate, 2.62 g of 5-bromo-2-methyl-2-pentene and 800 mg of potassium iodide were added sequentially, and 



Example 1 



[0095] 



Structural formula 
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the mixture was heated under reflux for 3 hours. The reaction mixture was diluted with ethyl acetate, washed with water 
and then with brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 
2.24 g of the title compound was obtained as a white solid. 

Step 2. Synthesis of ^amino-l^^ethyl-S-pentenvlVDiD^idine 

[0097] To a solution of 2.2 g of 1 -(4-methyl-3-pentenyl)-4-piperidone in 60 ml of methanol, 1 .1 g of ammonium acetate 
and 860 mg of sodium cyanoborohydride were added sequentially, at room temperature, followed by stirring overnight 
at same temperature. Distilling the methanol off under reduced pressure, the pH of the reaction media was adjusted to 
3 with 1 N hydrochloric acid, followed by washing with diethyl ether. The aqueous layer was basified with 1 N aqueous 
sodium hydroxide solution and extracted with chloroform. The organic layer was washed with water and then brine, and 
dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 1 .9 g of the title compound 
was obtained as a colorless oil. 

Step 3. Synthesis of (2R)>N41-(4-methyl-3-pemenvn-Piperidin-4-vfl-2-fM m-3.3^rfluorocvclonentvn- 2-hvdroxv-2-ohe- 
nylacetamide 

[0098] To a solution of 75 mg of (2R)-[(1 R)^,3<lifluorocyclopentyG-2-hydroxy-2-phenylacetic acid in 3 ml of N,N- 
dimethylfbrmamide, 55 mg of 1 .1 ' -carbonyldiimidazole was added at room temperature, followed by stirring for 2 hours 
at the same temperature. Then 60 mg of 4-amino-1 -(4-methyl-3-perrtenyl)piperidine and 5 mg of 4-dimethylaminopyri- 
dine were added sequentially, followed by stirring overnight at room temperature. The reaction mixture was diluted with 
diethyl ether, washed with saturated aqueous sodium bicarbonate solution, water and brine, and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, the resulting residue was purified by preparative 
thin layer chromatography [Kieselgel™ 60F 254 , Art 5744 (Merck); chloroform / methanol = 10/1], to provide 23 mg of the 
title compound as an oil. 

1 H-IMMR (CDCI 3 , Sppm): 1.32-1.50(2 H, m), 1.60 (3H. s) , 1.68 (3H, s) , 1.58-2.34 (12H, m) , 2.43 - 2.49 (1H, m) , 
2.73 -2.82 (3H, m) , 3.23 - 3.36 (1 H. m) , 3.48 (1 H, brs), 3.62 - 3.73 (1 H. m) , 5.03 - 5.08 (1 H, m) , 6.29 - 6.33 (1 H, 
m) , 7.25 - 7.39 (3 H, m) , 7.54 - 7.57 (2 H, m) 

low resolution FAB-MS (m/e. (C24H34F2N2O2 + H) + ): 421 . 



( 2R)-N-f 1 -(4-methvl-3-pentenynoiperklin-4-vn-2-rf 1 SV3.3-dif luorocvcloDerTtvn-2-hvdr oxv-2-phenylacetamide 



[0100] The title compound was prepared in the same manner as described in step 3 of Example 1 using (2RH(1 S)- 
3,3-dtfluorocyclopentyl]-2-hydroxy-2-phenylacetic acid. 

1 H-NMR (CDCI 3 , Sppm): 1.60 (3H, s). 1.68 (3H, s) , 1.35-2.48 ( 15H, m) , 2.75-2.86 (3 H, m) . 3.22 - 3.36 ( 1 H, m) 
, 3.48 (1 H, brs). 3.61-3.76 (1H,m) , 5.03-5.08 (1H, m) , 6.27 ( 1H, d, J » 8.0 Hz ) , 7.26-7.40 (3 H, m) , 7.55 - 7.58 
(2 H, m) 



Example 2 



[0099] 



St met ura I formu I a 
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low resolution FAB-MS (m/e, (C^H^NjAj + H) + ): 421. 

Example 3 

5 (2ffl-N-f 1 ^4-m ethvl-3^entenvnDiperidin-4-vn-2-rn S.3S)-3-f Iuorocvdopentvn-2-r^^ and (2RV 

N-ri-fA-m^-3^rTtenvlVDiner^ 

[0101] 

10 Structural formulae 



75 




F F 



20 



[01 02] The title compounds were prepared using (2R) -[( 1 S) -3-f luorocyclopentyl]-2-hydroxy-2-phenyiacetic acid, in the 
25 same manner as described in step 3 in Example 1 , and separated in the final step. 

(2RVN-rW4-methvl-3-pente^ 
[0103] 

30 

1 H - NMR (CDCfe, Sppm) : 1.60 (3H, s) , 1.68 (3H, s) , 1.31-2.33 (15H, m) , 2.44-2.49 (1H, m) , 2.69-2.81 (2H, m) , 
3.19-3.30 (1H, m) , 3.62-3.74 (1H, m) , 3.90 (1H, brs) , 5.03-5.28 (2H, m) , 5.87-5.91 (1H, m) , 7.25 - 7.40 (3 H, m) 
, 7.53 - 7.57 (2 H, m) 

35 low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ): 403 

(2R)-N-n^4-methvl-3-pertenYn-pto^^ 

[0104] 

40 

1 H-NMR (CDCI3, ppm): 1 .61 (3H. s) .1 .68 (3H, s) , 1 .37-2.26 (14H, m) , 2.32-2.37 (2H. m) , 2.75-2.90 (2H f m) , 3.43- 
3.56 (1H, m) , 3.62-3.76 (1H, m), 5.04-5.13 (2H, m) , 6.91-6.95 (1H, m) , 7.23-7.35 (3H, m) f 7.67-7.71 (2H. m) 

low resolution FAB-MS (m/e, (C^H^FNgOfe + H) + ): 403. 

45 



50 



55 
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Example 4 

(2R)-N-f 1 -f4>methvl-3-pentenynptperidin-4.vn.24M R.3S^41uorocvdoDentvl1-2-hvdroxv-2^h6nyl^cgtamide and 
(2R)-N-f 1 ■f4-methYl-3-pentenvl)-Piperidin-4-vn-2-ff1 R.3RV3-fluorocvclopentvn-2-hvdroxv>2^henvlacetarTride 

[0105] 

Structura I f ormu lae 




[01 06] The title compounds were prepared using (2R)-[(1 R)-3-fluorocycloperrtyl]-2-nydroxy-2-phenylacetic acid, in the 
same manner as described in step 3 in Example 1 , and separated in the final step. 

(2R)-N-M -(4-methYl-3-pentenvl)piperidin-4-vl1-2-ff 1 R.3S)-3-fiuorocvdopentvll~2-hvdroxv-2-phenvl-acetamide 
[0107] 

1 H-NMR (CDCI 3 , 6ppm): 1.60 (3H, s) , 1.70 (3H , s) , 1.38-2.17 (14H, m) , 2.27-2.32 (2H, m) , 2.70-2.81 (2H , m) . 
3.19-3.32 (1 H , m) , 3.63-3.74 (1 H . m) . 3.93 (1 H , brs) , 5.00-5.21 (2H, m) , 5.96-6.02 (1 H , m) , 7.26-7.38 (3H , 
m) ( 7.55-7.58 (2H, m) 

low resolution FAB-MS (m/e. (C^HasFNaOa + H) + ): 403 
(2R)-N-M -f4-methyl-3-pentenvnpiperidin-4-vn-2-ff 1 R.3R)-3-fluorocvclonentvl1-2-hvdroxv-2-phenvl-acetamide 
[0108] 

1 H -NMR (CDa 3 , 6ppm): 1 .60 (3 H p s) ,1.68 (3H, s) , 1 .38-2.32 (6H , m) , 2.74-2.88 (2H , m) , 3.41-3.52 (1H , m) , 
3.63-3.74 (1 H , m) , 5.02-5.21 ( 2H . m) , 6.90 (1 H , d , J = 8.2Hz), 7.23-7.35 (3H , m) , 7.66-7.69 (2H, m) 

low resolution FAB-MS (m/e. (C24H35FN2O2 + H) + ): 403. 
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Example 5 

N-ri-K3ZM-trt1uoronrie^^ 
[0109] 

Structural formula 




Step 1. Synthesis of N-(pipericfin^-vn-2^donenM^ 

[01 10] To a solution of 3.51 g of 2-cyclopentyl-2-nydroxy-2-phenyiacetic acid in 40 ml of N,N-dimethytforrnamide, 2.63 
g of 1,1* -carbonyldiimidazole was added and stirred at room temperature for 2 hours. To the reaction mixture 3.96 g of 
4-amino-1-(t-butoxycartx>nyl)iDiperidine monohydrochloride, 200 mg of 4-dimethylamino-pyridine and 6.9 ml of diiso- 
propylethylamine were added, followed by stirring overnight at room temperature. Saturated aqueous sodium bicarbo- 
nate solution was added to the reaction mixture followed by an extraction with diethyl ether. The organic layer was 
washed with brine and dried over anhydrous sodium sulfate. Distilling the solvent off under reduced pressure, the result- 
ant residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate ■ 3/1) to pro- 
vide 2.84 g of a white solid. The solid was dissolved in 30 ml of 10% hydrochloric acid -methanol, and stirred overnight 
at room temperature. Distilling the methanol off under reduced pressure, the residue was diluted with water and washed 
with diethyl ether. The aqueous layer was made basic with sodium hydroxide and extracted with chloroform. The 
organic layer was washed with water and then with brine, and dried over anhydrous magnesium sulfate. Distilling the 
solvent off under reduced pressure, 2. 1 5 g of the title compound was obtained as a white solid. 

Step 2. Synthesis of f3Z)-4-trrfluoromethvl-3-pentenvl t-butvidiDhenvlsilvl ether 

[0111] To a solution of 2.94 g of (3-t-butyldiphenyl^silyl oxypropyl)triphenylprtosphonium bromide in 40 ml of tetrahy- 
drofuran, 2.5 ml of 1.7 M hexane solution of n-butyllithium was added dropwise at -TO°C. The temperature was raised 
to -20°C. After stirring for an hour at said temperature, reaction mixture was cooled to -78°C into which 0.5 ml of trif luor- 
oacetone was added dropwise, followed by stirring overnight while raising the temperature to room temperature. The 
reaction liquid was diluted with hexane, washed with 10% hydrochloric acid, water and then brine, and dried over anhy- 
drous magnesium sulfate. Distilling the solvent off under reduced pressure, resulting residue was purified by silica gel 
column chromatography (developing solvent: hexane / ethyl acetate = 9/1) to provide 1 .44 g of the title compound. 

Step 3. Synthesis of (3Z)-4-trif luoromethvl- 3-Dentenol 

[01 12] To a solution of 1 .44 g of (3Z)-4-trifluoro-methyl-3-pentenyl t-butyl<liphenylsilyl ether in 8 ml of tetrahydrofuran, 
4.4 ml of 1 .0 M solution of tetrabutyl-ammonium fluoride in tetrahydrofuran was added, followed by stirring for 2 hours 
at room temperature. The reaction mixture was diluted with diethyl ether, washed with water and then brine, and dried 
over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica 
gel column chromatography (developing solvent: ethyl acetate) to provide 41 4 mg of the title compound. 

Step 4. Synthesis of (3Z)-4-trif luoromethyl-3-pe ntenvl p-toluenesulfonata 

[0113] To a solution of 414 mg of (32)-4-trifluoromethyl-3-pentenol in 6 ml of pyridine, 565 mg of p-toluenesulfonyl 
chloride was added under cooling with ice, followed by stirring for 16 hours at room temperature. The reaction mixture 
was diluted with diethyl ether, washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling 
the solvent off under reduced pressure, the residue was purified by silica gel column chromatography (developing sol- 
vent: hexane / ethyl acetate = 9/1 ) to provide 41 2 mg of the title compound. 



21 



EP 0 930 298 A1 



Step 5. Synthesis of N-ri-K3Z)-4-trffluoromethyl-3-pentenv^^ 

[0114J To a solution of 77 mg of N-(piperkiin^-yl)-2-cyclopentyl-2-hydrQxy-2-phenylacetamide in 3 ml of N, N-dimeth- 
ylformamide, 74 mg of (3Z)-4-trifluoromethyl-3-perrtenyl p-toluenesulfonate, 102 mg of potassium carbonate and 43 mg 
of potassium iodide were added by the order stated at room temperature, followed by 3 hours' heating under reflux. The 
reaction liquid was diluted with diethyl ether, washed with water and saturated saline solution by the order stated, and 
dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by 
preparative thin layer chromatography (Kieseigel ™ 60F 254 , Art 5744 (Merck) chloroform / methanol = 9/1) to provide 27 
mg of the title compound as an oily substance. 

1 H -NMR (CDCI 3) 6ppm) : 1.12-1.88 (16 H, m) , 1.83 (3H , s) . 2.01-2.13 (2H , m) . 2. 68-2.80 (2 H , m) , 2.97-3.10 
(1H,m). 3.13 (1H , brs) , 3.62-3.76 (1H , m) , 5.65-5.72 (1H , m) . 6.32 (1H, d, J = 8 . 5 H z) , 7.23-7. 36 (3H, m) 
,7.59(2 H,d, J = 7. 3Hz) 

low resolution FAB-MS (m/e, (C^H^FaNgOg + H) + ): 439. 
Example 6 

N-[1-[(3Z)-4-fluoromethvl-3^ert 
[0115] 

Structural formula 




[0116] The title compound was prepared by the procedures similar to steps 2-5 of Example 5, using fluoroacetone. 

1 H - NMR (CDCI 3 6ppm) : 1.04-2.16 (14 H , m) , 1.79 (3H. s) , 2.16-2.28 (2 H, m) , 2. 28-2.40 (2H , m) , 2.66-2.86 
(2H , m) , 2. 94-3.24 (2 H , m) , 3.62-3.78 (1 H , m) , 4.86 (2H, d, J = 4 7. 5Hz), 5.34-5.44 (1 H , m) , 6. 36 (1 H , d , 
J = 8. 3H 2) , 7.22-7.40 (3H , m) , 7.56-7.64 (2H. m) 
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Example 7 

N-M-r(3B^-fluorOTet^^ 
[0117] 

Structura I f ormu I a 




Step 1. Synthesis qf (2E)~5-bromo-2-methyt-2-pentenol 

[01 18] To a solution of 681 mg of selenium dioxide in 1 0 ml of dichloromethane, 2.5 ml of t-butyl peroxide was added 
at room temperature, stirred for 30 minutes at said temperature, and further 2.0 g of 5-bromo-2-methyi-2-pentene was 
added, followed by stirring for 2 hours. The reaction mixture was diluted with diethyl ether, washed with aqueous sodium 
thiosuHate solution, 10% aqueous potassium hydroxide solution, and then with brine, and dried over anhydrous mag- 
nesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica gel column chroma- 
tography (developing solvent: hexane / ethyl acetate = 20/1 - 4/1) to provide 1 .24 g of the title compound. 

Steo 2. Synthesis of f2E>-5-bromo-2-methvl-2-Dentenvl t-butvldimethvlsiM ethsr 

[01 19] To a solution of 300 mg of (2E)-543romo-2-methyl-2-pentenol in 1 0 ml of N, N-dimethylformamide, 302 mg of t- 
butyldimethylsiiyl chloride and 137 mg of imidazole were added, followed by stirring for an hour at room temperature. 
The reaction liquid was diluted with diethyl ether, washed with water and then with brine, and dried over anhydrous mag- 
nesium sulfate. Distilling the solvent off under reduced pressure, 604 mg of the title compound was obtained. 

Step 3. Synthesis of N-PI-r (3D-4-t-butvldimethv^ 
phenyjacetamide 

[0120] The title compound was prepared by the method similar to step 5 of Example 5, using (2E)-5-bromo-2-methyl- 
2-pentenyi t-butyldimethylsilyl ether. 

Step 4. Synthesis of N-H-f (3E)-4-fluoromethyt-3-pentenvn piperidin-4-vn-2<vcloperit^ 

[0121 ] To a solution of 59 mg of tetrabutylammonium fluoride trihydrate in 3 ml of tetrahydrofuran, 200 mg of molecular 
sieves 4A, 31 mg of N4H(3E)-4-t4xJtyldimethy1silyloxymethy1-3-penteny1]p^ 

phenylacetamide and 22 mg of p-toluenesulfonyl fluoride were added sequentially, followed by overnight heating under 
reflux at 80°C. After removal of the insoluble material by filtration, the solvent was distilled off under reduced pressure. 
The remaining residue was purified by preparative thin layer chromatography [Kieselgel ™ 60F 254 , Art 5744 (Merck); 
chloroform / methanol = 20/1], to provide 1 1 mg of the title compound as an oily substance. 

1 H -NMR (CDCI3, Sppm): 1.10-1 .76 (10H. m) , 1 .70 (3H, s) . 1 .76-1 .95 (2H, m) , 1 . 95-2.42 (6 H , m) , 2.72-2.88 (2H 
, m) , 2. 94-3.24 (2H , m) , 3.62-3.78 (1H,m), 4.69 (2H , d, J = 4 7. 8Hz) . 5.44-5.54 (1H , m), 6. 37 (1H . d , J = 
8.0 Hz) , 7.22-7.40 (3H. m) . 7.56-7.64 (2H , m) 

low resolution FAB-MS (m/e, (C24H35FN2O2 + H) + ) : 403 
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Example 8 

(2 m-N-(1 -cvcloheotvlmethvlDiDeridin-4- vn-24f 1 m^.3<itf Iuorcx^dooerrtvn-2^roxv-2^henv1-acetamide 
[0122] 

Structural formula 




[0123] The thie compound was prepared by a method similar to the steps 1 and 5 of Example 5, using (2R)-2-[(1 R)- 
3 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetic acid and cycloheptylmethyl methanesutfonate. 

1 H - NMR (CDCI 3f Sppm): 1 .03-2.27 (27 H, m) , 2.63-2.71 (2 H. m) , 3.21-3.33 (1 H. m) , 3.49 (1 H , brs) , 3.61 -3.72 
(1H , m) , 6 . 23 (1H, d, J a 8. 3Hz), 7.27-7.39 (3H , m). 7.53-7.57 (2H , m) 

low resolution FAB-MS (m/e. (^H^^Oz + H) + ): 449. 

Example 9 

(2R)-N-[1-[(3E)-4-fluoromethyl-3-per^ 
[0124] 

Structura I formu I a 




[0125] The title compound was prepared by a method similar to Example 7, using (2R)-2-[(1R)-3 l 3-diftuoro- 
cydopentyf]-2-hydraxy-2-phenylacetic acid. 

1 H - NMR (CDCI3, 6ppm): 1.34-1.52 (2H. m) , 1.69 (3H , s) , 1.75-2.31 (12H . m) , 2. 31-2.46 (2H , m) , 2.72-2.86 
(2H f m) , 3.24 - 3.38 (1H , m) , 3.43 (1H , brs) , 3.62-3.78 (1H , m) , 4.69 (2H, d, J = 4 7. 8Hz) , 5.42-5. 52 (1 H , m) 
, 6.34 (1 H . d, J = 7.9 Hz) , 7.24-7.42 (3H, m) . 7.52-7.60 (2H , m) 

low resolution FAB-MS (m/e. (C24H33F3N2O2 + H) +): 439. 
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Example iq 

(2RV^Hfrmethylpyridin-2-ytm^^ 
[0126] 

Structural formula 



IJ) ?H h 



Step 1. Synthesis of (2R)-N-(piperidin^-yQ-2-f(1R)-3,3-d^ 

[0127] The title compound was prepared by a method similar to the step 1 of Example 5, using (2R)-2-[(1 R)-3,3-dif- 
luorocyclopentyl]-2-hydroxy-2-phenylacetic acid. 

Step 2. Synthesis of (2RVN-T1-(6-methvlpyrkiin^ 
2-phenvlacetamide 

[0128] To a solution of 1 7 mg of (2R)-N-(piperidin-4-yl)-2-[(1 R)-3, 3-dif Iuorocydopentyfl-24iydr0xy^ 
in 2 ml of tetrahydrofuran, 3 |jJ of acetic acid, 12 mg of 6-methylpyridine-2-carbaIdehyde and 21 mg of sodium triace- 
toxyborohydride were added sequentially at room temperature, and stirred overnight at the same temperature. The 
reaction mixture was diluted with ethyl acetate, washed with brine and dried over anhydrous magnesium sulfate. Distill- 
ing the solvent off under reduced pressure, the residue was purified by preparative thin layer chromatography (Kiesel- 
gel™ 6OF254, Art 5744 (Merck) chloroform / methanol = 10/1) to provide 9 mg of the title compound as a solid sub- 
stance. 

1 H-NMR (CDCI3, Sppm): 1.35-1.50 (2H. m), 1.72-2.23 (10H, m) , 2.53 (3H, s), 2. 70-2.80 (2H, m) , 3.21-3.35 (1H. 
m). 3.59 (2H, s), 3.60-3.78 (1H. m) , 6.31 (1H, d, J = 8.5Hz), 7.02 (1H,t , J = 7.6Hz), 7.18 (1H. d, J « 7.6Hz) , 7.28- 
7.39 (3H. m), 7. 50 (1H, d, J =7.6Hz), 7.53-7.59 (2H, m) 

Example 11 

f2RVN^1-(3-thienvlmethvf)pioeridin-4-yn-2-rf1R)-3. 3-difluoroc*clonerityn-2-^ 
[0129] 

Structural formula 



OH H 



[01 30] The title compound was prepared by a method similar to the step 2 of Example 1 0 using thiophene-3-aldehyde. 
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1 H-NMR(CDCl3, 6ppm) 1.30-1.50 (2H, m). 1.56-2.30 (10H f m), 2.66-2.82 (2H, m), 3.22-3.37 (1H, m), 3.40 (1H. s), 
3.49 (2H. s). 3.61-3.78 (1 H, m), 6.25 (1 H, d, J = 8. 2Hz), 7.02 (1H, dd, J = 1. 1Hz, 7.6Hz). 7.06-7. 1 2 (1 H, m), 7.22- 
7.42 (4H, m), 7. 50-7.60 (2H, m) 

low resolution FAB-MS (m/e, (C23H28F2N 2 0 2 S + H) + ) : 435. 
Example 12 

(2 R)-N-T 1 -(3-furvimethv)piDeridin-4-vn-2-r( 1 Rl-3. 3-d'rf iuor(x;vdonentvl-2-hvdrQxv-2-phenvlacet-amid6 
[0131] 



[01 32] The title compound was prepared by a method similar to the step 2 of Example 10, using furan-3-aUehyde. 

1 H-NMR (CDCI3, 6ppm) : 1.32-1.47 (2H, m), 1.73-2.27 (10H, m) , 2.70-2.78 (2H, m), 3.24- 3.35 (1H, m), 3.33 (2H. 
s), 3.42 (1H, s), 3.62-3.75 (1H, m). 6.26 (1H, d, J = 7.2 Hz), 6.34 (1H, s), 7. 27-7.40 (5H, m),7.52-7.57(2 H, m) 

low resolution FAB-MS (m/e, (C23H28F2N2O3 + H) + ) : 419. 

Example 13 

(2R)-N-f 1 -(2-furvlmethvnpiperidin-4vn-2-rf 1 R)-3. 3-dif luorocvdopentvl1-2-hvdroxv-2-Dhenvlacet-amide 
[0133] 



[0134] The title compound was prepared by a method similar to the step 2 of Example 10, using furan-2-aldehyde. 

1 H-NMR (CDCI3, 5ppm): 1.35-1.49 (2H, m), 1. 73-2.25 (10H, m). 2.70-2.80 (2H, m), 3.23-3.35 (1 H, m), 3.48 (1 H p 
s). 3.49 (2H, s) , 3. 61-3.73 (1H, m) , 6.17 (1H, d, J = 3.0Hz), 6.27-6.31 (2H f m), 7.27-7.38 (4H, m), 7.52-7.56 (2H, 



Structura I formula 




Structura I formula 




low resolution FAB-MS (m/e, ^H^N^ + H) + ): 419. 
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Example 14 

(2Fn-N4 1 ^2-pvridvlmethvnpiDOTdin-4-vn -2-ff 1 R)-3. 3Kjifluorocvclonentyn-2-hvdmxv-2^herwlacet-amide 
[0135] 

Structura I formu la 



(Q) OH H 



[0136] The title compound was prepared by a method similar to the step 2 of Example 1 0, using pyridine-2-aJdehyde. 

1 H-NMR (CDCI3. 5ppm) 1.39-1.52 (2H, m), 1.75-2.25 (10H, m) . 2.70-2.80 (2H f m), 3.24- 3.36 (1H, m) , 3.58 (1H f 
s), 3.61 (2H, s), 3.67- 3.77 (1H ( m), 6.32 (1H, d. J = 7.8Hz), 7.15 (1H. ddd. J = 1. 2Hz, 4.8Hz), 7.6Hz). 7. 27-7.39 
(4H. m), 7.53- 7. 57 (2H. m), 7.63 (1 H, t d, J = 1 .8Hz, 7.6Hz) 8. 52 (1 H, ddd, J = 1 . 2Hz, 1 . 8H z, 3.0Hz) low reso- 
lution FAB-MS (m/e, (C24H29F2N3O2 + H) +) : 430. 

Example 1$ 

(2F0-N-f 1 -(3-methoxvbenzvl)DiDeridin-4-vn-2-rf 1 RV3. 3-dif luorocvdo oentvn-2-hvdroxv-2-Dhenvlacet-amide 
[0137] 

Structura I formu I a 




[0138] To a solution of 71 mg of (2R)-N-(piperidin-4-yl)-2-[(1 R)-3. 3-difluorocydopentyl]-2-hydroxy-2-phenyl-aceta- 
mide in 2 mJ of N, N-dimethytformamide, 74 mg of 3-methoxybenzyl chloride and 80 mg of potassium carbonate were 
added at room temperature, followed by stirring for about 12 hours. The reaction mixture was diluted with diethyl ether, 
washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced 
pressure, the residue was purified by preparative thin layer chromatography (Kieselgel m 60F 254 , Art 5744 (Merck) chlo- 
roform / methanol = 9/1) to provide 75 mg of the title compound as a white solid. 

1 H-NMR (CDCIg, 5ppm) : 1.32-1.54 (2H, m) , 1. 65-2.30 (10H. m), 2.68-2.85 (2H, m) , 3.21-3.39 (1H, m) , 3.42 (1H, 
s) 3.45 (2H. s), 3.62-3.78 (1 H, m), 3.80 (3H, s). 6.27 (1 H, d. J = 8. 2Hz). 6.76-6.83 (1 H. m), 6.84-6.90 (2H, m). 7.21 
(1H, t, J = 8. 0 Hz) . 7.24-7.40 (3H. m) 7.51-7.59 (2H, m) 
low resolution FAB-MS (m/e, (CasH^N^ + H) +) : 459. 
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Example 16 

(2R)-N-(1-benzylpiperidln-4-YiV2-rn R)-3. S^ffluorocvdopen yn^^ 
5 [0139] 

Structura I formul a 



10 




15 

[0140] The title compound was prepared in the same manner as described in Example 15 using benzyl bromide. 

20 

1 H-NMR (CDCI 3 , 6ppm) : 1.35-1.52 (2H, m) , 1.70-2.23 (10H, m) , 2.70-2.81 (2H, m) , 3.22 - 3.34 (1H, m) , 3.41 
(1 H, s) 3.48 (2H, s), 3.60-3.80 (1 H, m), 6.27 (1 H, d, J = 8.0 Hz), 7.24-7.39 (8H, m), 7.54-7.56 (2H, m) 

low resolution FAB-MS (m/e, (C25H3oF 2 N 2 02 + H) + ) : 429. 

25 

Example 17 

fgR)-N-n-f3-flUOrobenzYnpiPeridin-4-vl1-2-r M Rl-3. 3^ffluomf^rinpg nM]-2-hvdr^^ 
30 [0141] 

Structural formula 



45 [0142] The title compound was prepared in the same manner as described in Example 1 5 using 3-f luorobenzyl chlo- 
ride. 

1 H-NMR (CDCIg, 6pppm) 1 .34-1.52 (2H, m) , 1 .52-2.30 (10H, m), 2.65-2. 80 (2H, m) , 3.22-3.38 (1 H, m) , 3.4 0 (1H, 
s) 3.72 (2H, s) , 3.60-3.80 (1H, m) , 6.28 (1 H, d, J = 7.7Hz), 6.88-6.97 (1H, m) ( 7.00-7.10 (2H, m) , 7. 20- 7.42 (4H, 
so m), 7.51- 7.60 (2H,m) 

low resolution FAB-MS (m/e, (C 2S H 29 F z N 2 0 2 + H) + ): 447. 

55 
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Example 18 

(2P)-N-f 1 -(3-chlorDbenzYi)pipertdin>4-Yl]-2'f(1 R)-3, 3-dfflpQroc^c*PPgntyn-2-h^ 
[0143] 

Structura I f ormu I a 



[01 44] The title compound was prepared in the same manner as described in Example 1 5 using 3-chlorobenzyl chlo- 
ride. 

1 H-NMR (CDCI 3i 5ppm) : 1.33-1.50 (2H, m), 1 . 60-2.25 (10H, m), 2.67-2.77 (2H. m) , 3.24- 3.38 (1H, m), 3.44 (2H, 
s) 3.63 - 3.76 (1H, m), 6.29 (1H, d, Jo 8.0 Hz). 7. 13-7.40 (7H, m) , 7.53-7.57 (2H, m) 

low resolution FAB-MS (m/e, (CasHggCIFgNgOg + H) + ) : 463. 

Example 19 

(2R)-N-f1-(2-thienylmethvnpiperidin-4-vn-2-rnR)-3. 3-difluoro(^cloDentvn-2-lTvdroxv-2-Dhenvlacet-amide 
[0145] 

Structura I f ormu I a 



[0146] The title compound was prepared in the same manner as described in Example 1 5 using 2-thienylmethyl chlo- 
ride. 

1 H - NMR (CDCI3, 8 ppm) : 1.32-1.50 (2H, m), 1.52-2.30 (10H, m) , 2.70- 2.82 (2H, m) , 3.22-3.36 (1H, m) . 3.41 
(1H. s) 3.62 - 3.76 (1H. m) , 3. 68 (2H, s). 6.26 (1H ( d, J= 7.9 Hz) 6.87 (1H. dd, J = 3.2 Hz. 4.8 Hz) . 6.92 (1H. d d, 
J=3.2 Hz. 4.8 Hz) 7. 21 (1H. dd. J = 1 .5Hz. 4.8Hz). 7.24-7.40 (3H. m). 7.50-7.58 (2H. m) 

low resolution FAB-MS (m/e. {C^^fz^OzS + H) ♦): 435. 
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Example 20 



(2R)-N-f 1 -(6-aminopvridin-2>vimethvnDiperidin>4-vn>2-r( 1 RV3. 3<lrfluorocvdoDeiTtvt1-2^vdroxv-2^henvlacetarT^ 
dihydrochloride 



[0148] The compound of Example 20 was prepared by the following methods 1 , 2 and 3. 
Method 1: 

Step 1. Synthesis of 6-tert-butvddiphenvlsiMoxv^ethvlDvridin&-2-carboxvlic acid 

[01 49] To a solution of 1 .8 g of ethyl 6-hydroxy-methylpyridine-2-carboxyIate in 55 ml of N, N-dimethyl-formamide, 1 .4 
g of imidazole and 3.9 g of tert-butyi-diphenyisilane chloride were added under cooling with ice. sequentially, followed 
by stirring for 12 hours at room temperature. The reaction mixture was diluted with ethyl acetate, washed with saturated 
sodium bicarbonate solution, water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent 
off under reduced pressure, the residue was dissolved in 60 ml of methanol. To the solution 7.5 ml of 4N aqueous 
sodium hydroxide solution was added, stirred for 20 hours at room temperature and for further 2 hours at 60°C. Distilling 
the methanol off under reduced pressure, the residue was made acidic with 1N hydrochloric acid. The system was 
extracted with chloroform, washed with water and then brine, and dried over anhydrous magnesium sulfate. Distilling 
the solvent off under reduced pressure, the resulting residue was purified by silica gel column chromatography (devel- 
oping solvent: hexane / ethyl acetate = 4/1) to provide 895 mg of the title compound as a white solid. 

Step 2. Synthesis of 6-tert-butyloxvcarbonylamino-ovridin-2-vlmethvl tert-butyldiphenvlsivl ether 

[01 50] To a solution of 890 mg of the 64ert4xjtyldipheny1sily^ acid as obtained in above 

step 1 in 30 ml of toluene, 0.63 ml of triethylamine, 3.2 ml of tert-butanol and 887 mg of diphenylphosphorylazide were 
added sequentially at room temperature, followed by heating for 16 hours at 1 00°C under stirring. The reaction mixture 
was diluted with ethyl acetate, washed with saturated aqueous sodium bicarbonate solution, 10% aqueous citric acid 
solution, water and then brine, and dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
/ ethyl acetate = 4/1) to provide 863 mg of the title compound as an oily substance. 

Step 3. Synthesis of 6-tert-butvloxvcarbonvlamino-pvridine-2-methanol 

[0151] The title compound was prepared in the same manner as described in the step 3 of Example 5 using the 6- 
tert4xityloxycarbonylaminopyridin-2-yimethy1 tert-butyldiphenyisilyl ether as obtained in above step 2. 

Step 4. Synthesis of 6-tert-biJtyloxv(^rbonvlamino^idin>2>ylmethyl met hanesulfonate 

[01 52] To a solution of 61 mg of the 6-tert-buty1oxy-carbonylaminopyridine-2-methanol as obtained in above step 3 in 
2 ml of chloroform, 0.19 ml of triethylamine and 0.032 ml of methanesulfonyl chloride were added under cooling with 
ice, followed by stirring for an hour at the same temperature. The reaction liquid was diluted with ethyl acetate, washed 
with saturated aqueous sodium bicarbonate solution, water and brine by the order stated and dried over anhydrous 
magnesium sulfate. The solvent was removed under reduced pressure to give 124 mg of the title compound as an oil. 



[0147] 



Structura I formula 




-2HC1 
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Step 5. Synthesis of (2ffl-N^1-(6-tert4xiMoxvra 
dQnentvT|-2-hvdroxv-2-Dhenvlacetamide 

[0153] The title compound was prepared in the same manner as described in Example 15 using the 6-tert-butyloxy- 
carbo nylami n opyrid i n-2 -yl m ethyl methanesulfonate as obtained in the step 4 above. 

Step 6. Synthesis of (2R)-N-ri-(6-aminop\mdin-2^ RV3.3Kirfluo rocydonentyn-2-hydroxy-2- 
phenylacqtemKte 

[0154] The title compound was obtained as a white solid, upon treating the (2R)-N-[1 -(6-tert-butyloxycarbonylami- 
nopyridin-2-ylmethyl)piperidin-4-yl]-2-[(1 R)-3, 3^iifiuorocydopentyl]-2-hydroxy-2-ph«iylacetamide as obtained in 
above step 5 with hydrochloric acid according to usual manner. 

1 H-NMR (CD 3 OD, 5ppm): 1.76-2.14 (10H, m) , 3.20-3.63 (5H, m), 3.85-4.00 (1H, m), 4.44 (2H, s), 7.07-7.34 (2H, 
m) , 7. 25-7.34 (3H, m) , 7.58-7.60 (2H, m), 7. 89-7.94 (1 H. m) 
low resolution FAB-MS (m/e.fC^HaoF^Og + H) +) : 445. 

Method 2 : 

Step 1. Synthesis of ethyl 6-tert-bLrMoxvcarbonvl'aminc^dne-2-<^rtx)xvlate 

[0155] The title compound was prepared in the same manner described in the step 2 of above method 1, using 6- 
ethoxycartx)nylpyricnne-2-c»rboxyiic acid. 

Step 2. Synthesis of 6-tert-butyloxycarbonvlamino-pyiidine-2-methanol 

[01 56] To a solution of 500 mg of calcium chloride in 1 0 ml of ethanol, 1 50 mg of sodium borohydride was added under 
cooling with ice, followed by stirring for 15 minutes at the same temperature. To the reaction mixture 1 .1 g of the ethyl 
6-tert-buty1oxycarbony1aminoi}y^ as obtained in above step 1 was added and stirred for 13 hours at 

room temperature. The ethanol was distilled off under reduced pressure, and the residue was suspended in chloroform- 
water mixture to be removed of insoluble material. The organic layer was washed with water and then brine and dried 
over anhy-drous magnesium sulfate Thus 996 mg of the title compound was obtained as a light yellow oil. 

Step 3. Synthesis of 4-tert-butv1oxvcartx)n^ 

[0157] The title compound was prepared by a method similar to the steps 4 to 5 of above production method 1 using 
the 6-tert-butyioxycartx)nytaminopyridine-2-met^ as obtained in the above step 2 and 4-tert-butyloxycarbonylami- 
nopiperdine. 

Step 4. Synthesis of (2RVN-f1-f6-aminoDvridin-2-vlmethvnDiperidinH4-vl1-2-f(1RV3. 3<lrfluorocvdo-pentvl ]-2-hydroxy- 

2-pherryiac3tamide 

[0158] 163 mg of the 4-tert-butyloxycartx»iyl-amino-1 K6-tert-butyloxycartx)nylaminopyridin-2-ylmethy0 piperdine as 
obtained in above step 3 was dissolved in 5 ml of 10% HQ-methanol solution, followed by stirring for 13 hours at 40°C. 
Distilling the methanol off under reduced pressure, the remaining residue was suspended in 15 ml of chloroform, to 
which 0.16 ml of triethylamine, 86 mg of (2R)-2-[(1 R)-3 ( 3-drfluorocydopentyf]-2-hydroxy-2-phenylacetic add, 1 14 mg 
of hydroxybenzotriazole and 75 mg of 1-ethyl-3-(3-dimethylaminopropyf)-carbodiimide were added under cooling with 
ice sequentially, followed by stirring for 1.5 hours at room temperature. The reaction mixture was diluted with diethyl 
ether, washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over anhydrous magne- 
sium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel 
column chromatography (developing solvent: chloroform / methanol = 50/1 to 20/1) to obtain 101 mg of the title com- 
pound as a white solid. 

1 H-NMR (CDCI3, 8ppm): 1.35-1.51 (2 H. m), 1.70-2.25 (10H, m) , 2.68-2.80 (2H, m), 3.21-3.35 (1H. m). 3 . 41 (2N, 
S) , 3.52 (1 H, brs), 3.62-3.77 (1 H, m), 4. 40 (2H, brs), 6.28 (1 H, d. J«8. 2Hz), 6. 36 (1 H, d, J = 8.2Hz), 6.6 7 (1 H, d, 
J = 7.3Hz) , 7.27 - 7.40 (4H, m), 7. 53-7.57 (2H, m) 
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Step 5. Synthesis of f2R)-N^1-fg-aminopvr»din>2>vimetfwnpiperidin-4-vn-2-rfim. 3 . S-drfluorocvclQHjentvn-^hvdrQxv- 
2-Dhenvlacetamide dihvdrochloririft 

[0159] The title compound was prepared by treating the (2R)-N-[1 K6^nopyn^in-2-ylmethy0piperidin-4-yl].2-[(1 R)- 
3, 3KJrfluorocydopentyn-24iydroxy-2i3heny!-acetamide as obtained in the above step 4 with hydrochloric acid accord- 
ing to the accepted practice. 

Method 3: 

Step 1. Synthesis of 2-tert-butyloxvcartxDrwiamino^-methvipvririinp 

[01 60] To a solution of 2 g of 6-methy1-2-amino-pyridine in 30 ml of chloroform, 5 g of di-tert-butyl-cocydicarbonate was 
added at room temperature. Then the mixture was heated to 70°C, to which 2.5 g of 4-dimethylaminopyridine was 
added, followed by stirring for 2 hours at the same temperature. After the solvent was distilled off under reduced pres- 
sure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate 
= 20/1) to provide 4.1 g of the title compound as a white solid. 

Step 2. Synthesis pf (2R)-N-f1 -(6-aminopyridin-2-v lmeth vn piperidin-4-vn>2-rrim.3. 3-djflu Q rncvclopent v n-24ivrirnY Y .9. 
phenvlacetamide dihvdrochloride ~ 

[0161] To a solution of 100 mg of the 2-tert-butyloxycartx)nylamino-6-methylpyridine as obtained in above step 1 in 3 
ml of carbon tetrachloride, 90 mg of N-bromosuccinimide and 10 mg of benzoyl peroxide were added sequentially at 
room temperature, followed by heating for 6 hours under reflux with stirring. Filtering the insoluble materials off, the sol- 
vent was distilled off under reduced pressure. The title compound was prepared by a method similar to the step 5 of 
method 1 and the steps 4-5 of the method 2, using the resulting residue and 4-tert-butyloxycarbonylaminopyridine. 



(2R)-N-ri-(framino-4-methox^^ S^rfluQ r ocvclonefTtvn-g-hvdroxv^-ohenvla. 
cetamide dihvdrochloride 



[0163] The title compound was prepared by a method similar to Example 20, using ethyl 6-hydroxymethyl-4-methox- 
ypyridine-2-carboxylate. 

1 H-NMR (CD 3 OD, 6ppm): 1.69-2.21 (10H. m), 3.10-3.70 (5H, m), 3.83-3.97 (1H. m), 3.98 (3H, s), 4.30-4.46 (2H 
m), 6. 39-6.47 (1 H, m) , 6.74-6. 89 (1 H. m) , 7. 20-7.38 (3H, m) , 7.58 (2H, d, J=6. 9Hz) 

low resolution FAB-MS (m/e, (C25H32F2N4O3 + H) +) : 475. 



Example 21 



[0162] 



Structural formula 
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Example 22 

(2ffl-N4W3- amino-5-methYfo^^ R)-3. 3^ifluorocvdooentvn-2-hvdroxv-2-o^^ dihv- 



[0164] 



Structural formula 



20 Step 1. Synth esis of N-ftert-butvloxvcartx3nvn-3.5<iimethvianiline 

[0165] To a solution of 1.2 g of 3, 5-dimethylaniline in a liquid mixture of 20 ml of dioxane and 10 ml of 10% aqueous 
sodium hydroxide solution, 2.7 g of di-tert-butyl-dicarbonate were added, followed by heating for 1 .5 hours at 1 00°C with 
stirring. The reaction mixture as diluted with diethyl ether, washed with water and then brine, and dried over anhydrous 
25 magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was purified by sil- 
ica gel column chromatography (developing solvent: hexane / ethyl acetate = 9/1) to provide 1 .8 g of the title compound 
as an oil. 



Step 2. Synthesis of g-fter1-butytoxYgarbQnylamino)-5^ethYll?QnzYl brpmids 

[0166] To a solution of 1 .8 g of the N-(tert-butyl-oxycarbonyf)-3, 5-dimethylaniline as obtained in above step 1 in 20 
ml of carbon tetrachloride, 1 .5 g of N-bromosuccinimide and 53 mg of 2,2' -azobisOsobutyronforile) were added, followed 
by heating for 3 hours at 100°C under stirring. The reaction mixture was diluted with hexane, filtered and the solvent 
was distilled off under reduced pressure to provide 2.8 g of the title compound as an oil. 

Step 3. Synthesis of (2RVNH:i-(3-amino-5-methyl-benzy0pipeiidin^-yl]-2-[(1 R)-3,3Hjlfluorocvclopentyn-2-hydroxy-g- 
phenylapefrmidQ ^hydrochloride 

[0167] The title compound was prepared by a method similar to the steps 5-6 of the production method 1 of Example 
40 20, using the 3-(tert-butyloxycartx>nylamino)-5-methyIbenzyl bromide as obtained in above step 2. 

1 H-NMR (CD 3 OD, 6ppm): 1.66-2.1 1 (12H, m). 2.99-3.48 (3 H, m), 3.26 (3H, s), 3. 78-3.98 (1H. m) , 4.28 (2H, s) . 
7.18-7.60 (8H,m) 

low resolution FAB-MS (m/e, (C^H^NaOg + H) + ) : 458. 

45 
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Example 23. 

(2R)-N-f1.f3-aminobenzYnpiperidin-4-vn>2-rfim-a. a^jflnn ^ donen^^ 
5 [0168] 

Structural formula 



10 



15 



0«H 



**f 1 - Synthesis pf(2R)-N-fH3^itrooen7vl^^ 
20 roidQ 

[0169] The title compound was prepared by a method similar to Example 15, using 3-nitrobenzyl chloride. 

Step 2 ^Synthesig pf (2R)-N-f1-f3-amingpen2yl)-piperidirM-vn-2-rM R)-3.3^m.i n rnc » C | 0 n e mvn.g-h»Hmxv-2-Dhenvi a . 
25 cetamide 

[0170] 6.5 mg of the (2R)-N-[1-(3-nitroben2y0piperidin-4.ya-2-[(1 R)-3, 3KJifluorocyclopentyl]-2.hydrQxy-2-phenyla- 
cetam.de as obtained in above step 1 was heated to 60*C together with 2 mg of iron powder in aqueous ethanol After 
adding thereto 1 drop of cone, hydrochloric acid, the heating was continued at 100°C for about 1 hour under stirring 
30 The reaction mixture was made basic with 4N aqueous sodium hydroxide solution and extracted with chloroform The 
organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure to Dro- 
vide 4.8 mg of the title compound as a white solid. 

1 H-NMR (CDCI 3 . 8ppm): 1 .30-1 .48 (2H, m), 1 .50-2.25 (10H, m), 2.68-2.78 (2H, m) , 3.24-3.40 (1 H m) 3 38 (2H 
35 s) . 3.43 (1H, s) , 3.52-3.80 (1 H, m) , 6.26 (1H, d, J =7.9 Hz), 6.57 (1H, dd, J=1.5Hz, 7.8Hz). 6.65 (1 H, d. J»1 5Hz) 
. 6.66 (1H, d, J= 7. 8Hz) , 7.08 (1H, t. J =7. 8Hz), 7.28-7.39 (3H, m), 7.53-7.57 (2H, m) 

low resolution FAB-MS (m/e, (CggH^FgNaOg + H) + ): 444. 

40 
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Example 24 

(2R)-N-f 1 -<2-a minobenzvnDiDeridin-4-vn-2-rf 1 RV3.3<iifluorocvdopen^ dihvdrochlo- 
Odd 

[0171] 

Structural formula 




•2HC1 



[0172] "me title compound (free base) was obtained by a method similar to Example 23. using 2-nitrobenzyl chloride, 
which was treated with hydrochloric acid and to provide the title compound. 

1 H-NMR (CD 3 OD, Sppm) : 1.50-1. 95 (10H, m) , 2.92-3. 07 (2H, m), 3. 07-3. 20 (1 H, m) , 3.24-3. 38 (2H. m), 3. 67- 
3.80 (1H, m), 4.15- 4.27 (2H f m), 7.05- 7.45 (9 H, m) 

low resolution FAB-MS (mfe, (C25H31 F 2 N30 2 + H) + ) : 444. 

Example 25 

(2R)-N-(1-(4-aminobergynpipe^ 
[0173] 

Structural formula 




[0174] The title compound was prepared by a method similar to Example 23, using 4-nitrobenzyl chloride. 

1 N-NMR (CDCI3. 8ppm) : 1.35-1.52 (2H, m) , 1.70-2.23 (10H, m). 2.70-2.82 (2H t m) , 3.23-3.35 (1H t m) , 3.41 (2H, 
s) . 3. 30-3.70 (3H, m) , 3.65-3.75 (1 H, m) , 6.29 (1 H, d. J=7. 4Hz) , 6.63 (2H, d p J=8. 5Hz) , 7.06 (2H, d, J = 8. 5Hz), 
7.28-7.39 (3H, m) . 7.52-7.56 (2H, m) 

low resolution FAB-MS (mfe, (C25H31F2N3O2 + H) + ): 444. 
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Example 2Q 

(2R)-N^H4-aminp-3-me1h^^ d R) -3.3^fflu Q r ocvdoper^-2-h^ 

5 [0175] 

Structural formula 



70 



15 



0 ohh 



NHi 
OCH, 



20 



[0176] The title compound was prepared by a method similar to Example 23, using 3-methoxy-4-nitrobenzyl chloride. 

1 H-NMR(CDCI 3 ,8ppm): 1.35-1.60 (2H,m), 1. 70-2.30(1 OH. m), 2.70-2.90 (2H,m), 3.22-3.38 (1H m) 344(2H 
s), 3. 40-3.60 (1 H. m) , 3.62-3.85 (3H. m) , 3.85 (3H, s), 6.36 (1 H, d, J =7. 9Hz) , 6.60-6. 70 (2H. m) . 6.81 (1 H s)' 
7.24-7.40 (3H.m). 7.51 -7.58 (2 H,m) K 

25 low resolution FAB-MS (m/e, (0^33^303 + H) + ) : 474. 

Example 27 

(2R)-N-ri-f3,5<tiamirK>ber^^ 

30 

[0177] 

Structural formula 



35 



40 



45 [0178] The title compound was prepared by a method similar to Example 23, using 3. 5-dinitrobenzyl chloride. 

'H-NMR (CDCI3, «ppm) : 1.30-2.20 (12H, m) , 2.70-2.80 (2H. m) , 3.23-3.36 (1H, m) , 3.28 (2H. s) . 3 44 (1H s) 
3.60-3.73 (1H. m) . 5.93 (1H. t. J =2.0 Hz) , 6.07 (2H, d, J = 2.0 Hz), 6.23 (1H, d, J=7.5 Hz) . 7. 29-7.40 (3H.'m) \ 
7.53-7.57 (2H, m) 

so 

low resolution FAB-MS (m/e, (C^H^FgN^ + H) + ): 459. 
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Example 28 

(2R)-N^1^5-methvtfuran-2-^ 
5 [0179] 

Structural formula 



10 




Step 1. Synthesis pf 4- (tert-t?Mty»oxycarbonylamino) >H5>mgthyl>2-fyrYtmethYl)piperKiine 

20 

[0180] To a solution of 200 mg of 4^tert45utyloxy-carbonylamino)piperidine in 5 ml of tetrahydrofuran, 0 . 1 ml of 5- 
methylfuran-3-aIdehyde, 0.06 ml of acetic acid and 318 mg of sodium triacetoxyborohydride were added at room tem- 
perature, followed by stirring for 12 hours. To the reaction mixture, saturated aqueous sodium bicarbonate solution was 
added and the mixture was extracted with ethyl acetate. The organic layer was washed with brine and dried over anhy- 
25 drous magnesium sulfate. After distilling the solvent off under reduced pressure, the residue was recrystallized from 
ethyl acetate / n-hexane to provide 198 mg of the title compound. 

Step 2. Synthesis of (2RVN41-(5-methvl-2-furvl-^^ m-3.3<irfluorocvclonentyq-2-hydroxy-2> 
ohenvlacetamide 

30 

[0181 ] To 88 mg of the 4-(tert4xityloxycarbonyl-amino)-1 -(5-methyl-2-furyimethyl)piperidine as obtained in above step 
1. 2 ml of 10% hydrogenchloride solution in methanol was added at room temperature, followed by stirring for about 12 
hours. The solvent was distilled off under reduced pressure, and to a solution of the resuftant residue in 4 ml of chloro- 
form, 59 mg of (2R)-2-1(1 R)^,3<lif!uoro<^clopentyI]-2-hydroxy-2i3henyl-acetic acid, 93 mg of hydroxybenzotriazole, 0. 
as 2 ml of triethylamine and 66 mg of 1 -ethyl-3-{3-dimethylaminoprofyl)cafbodimide were added sequentially at room tem- 
perature, followed by stirring for 2 hours. After addition of water, the reaction mixture was extracted with chloroform. The 
organic layer was washed with brine and dried over anhydrous magnesium sulfate. Distilling the solvent off under 
reduced pressure, the residue was purified by silica gel column chromatography (developing solvent: chloroform / meth- 
anol « 50/1) to provide 63 mg of the title compound as a white solid. 

40 

1 H-NMR (CDa 3 . 5ppm) : 1.35-1.54 (2H, m) , 1.60-2.25 (10H. m) , 2.27 (3H, s), 2. 71-2.86 (2H, m) , 3.22-3.36 (1H 
m) , 3.40 (1H, s) , 3.45 (2H, s) , 3.60-3.76 (1H, m) , 5.85-5.90 (1H, m) , 6.05 (1H, d, J = 3. 0 Hz) , 6.25 (1H. d. J = 
7.9 Hz) , 7.26-7.40 (3H, m), 7.50-7.56 (2H, m) 

45 low resolution FAB-MS (m/e, (C24H30F2N2O3 + H) *) : 433. 
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Example 29 

f2R)-N-fl-(3-methylbenzyQpipe^ 
s [0182] 

Structural formula 



10 



15 




20 Step 1. Synthesis of 4- (tert-butvloxvcarborivlarnino) -1-(3-methvlbenzvnpip eridine 

[0183] The title compound was prepared by a method similar to Example 15, using 4-(tert-butyloxycarbonyl- 
amino)piperidine and 3-methylbenzyl bromide. 

25 Step 2. Synthesis of (2R)-N>ri-(3-methvlbenzvh-oiperidinHi-vl1- ?-rf1 RVS.S^muorocvdor^ritvll^-hvdroxv^-phftnv la. 
pefamifle 

[0184] The title compound was prepared by a method similar to Example 28, using the 4-(tert-butyloxycarbo- 
nylamino)-1 -(3-methylbenzyi)piperidine as obtained in above step 1 . 

30 

1 H-NMR (CDCI 3 , 5ppm) : 1.24-1.50 (2H, m) , 1.50-2.25 (10H, m) , 2.33 (3H, s) , 2. 60-2.82 (2H, m) , 3.20-3.55 (3H 
m) , 3.42 (2H, s) , 6.25 (1H, d. J = 8. 1Hz) . 7.00-7. 14 (3H, m) , 7.19 (1H f t. J = 7. 6Hz) , 7.23-7.42 (3H, m) , 7.50^ 
7.60 (2H,m) 1 1 

35 low resolution FAB-MS (m/e. (C26H32F2N2O2 + H) + ): 443. 
Example 30 

(2R).N-ri-f4-methoxYbenzyl)pi perWirh4-yn-2-r(1R)-3 .3<li f iuorocvd 

40 

[0185] 



Structural formula 



50 




OCHa 



55 [0186] The title compound was prepared by a method similar to the step 2 of Example 1 0, using p-anisal-dehyde. 

1 H-NMR (CDCI3, 5ppm) : 1.32-1.47 (2H, m) . 1 .75-2.23 (10H, m) , 2.65-2.76 (2H. m) , 3.22-3.36 (1H, m) , 3 42 (2H 
S) , 3.46 (1H, s) , 3.63-3.76 (1H. m) , 3.79 (3H, s) , 6.27 (1H, d, J=8. 2Hz) , 6.84 (2H, d, J=8. 6 Hz) , 7.19 (2 H, d, j 
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= 8.6 Hz). 7.28-7.39 (3H, m) , 7.52-7.56 (2H m) 

low resolution FAB-MS (m/e, (C 28 H^F 2 r^ 2 0 3 + H) *) : 459. 

Example 31 

(2R)-N-[1-<3-^rnino-5-m^QXYbenzyl)pinerkjin-4-ytl-2-[ (JR) -3, 3-dfflgorc)wdonen^ 
dihydrQchloride 

[0187] 

St ructur a I f ormu la 



15 




• 2HC1 



Step 1. Synthesis of methyl 3-tert-butoxycarbonylamlno-5-methQxybenzoate 

25 [0188] To a solution of 864 mg of methyl 3-methoxy-5-nitrobenzoate in 15 ml of methanol, 1 .0 g of di-tert-butyl-dicar- 
bonate and 912 mg of 10% palladium-on-carbon were added, followed by stirring for 7 hours at room temperature in a 
hydrogen atmosphere. The reaction liquid was filtered through Celite. Distilling the solvent off under reduced pressure, 
1 .28 g of the title compound was obtained as a white solid. 

30 Step 2. Synthesis of 3-tert^JtoxycarbonYlamino-5--methQXYbenzy1 alcohpl 

[01 89] To a solution of 1 .28 g of the methyl 3-tert-butoxycarbonyiamino-5-methoxybenzoate as obtained in above step 

1 in 8 ml of toluene, 12.1 ml of 1 .0 M solution of diisobutylaluminum hydride in tetrahydrofuran was added at -78°C, fol- 
lowed by stirring for an hour at the same temperature. The reaction mixture was diluted with ethyl acetate, washed with 

35 water and then brine and dried over anhydrous magnesium sulfate. After distilling the solvent off under reduced pres- 
sure, the result-ing residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl ace- 
tate = 7/3) to provide 262 mg of the title compound as an oil. 

Step 3. Symh^is of 

40 

[0190] To a solution of 194 mg of the 3-tert-butoxy-carbonylamino-5HTiethoxybensyl alcohol as obtained in above step 

2 in 10 ml of chloroform, 1 .89 g of manganese dioxide was added at room temperature, followed by stirring for 2 hours. 
The reaction mixture was filtered through Celite. Distilling the solvent off under reduced pressure, 132 mg of the title 
compound was obtained as an oily substance. 

45 

Step 4. Synthesis of (3TO-N^-(3-amino-frmetto R)'3.3^ifluorocyclopentyn-g-hydroxy-2' 

phenyiacetamide dihvdrochloride 

[0191] The title compound was prepared by a method similar to the step 2 of Example 10 and the step 6 of method 1 
so of Example 20, using the 3-tert-butoxycarbonyl-amir^ as obtained in above step 3. 

1 H-NMR (CD 3 OD, 5ppm): 1.74-2.14(1 OH, m) , 3.00-3.15 (2H, m) , 3.27-3.52 (3H, m) , 3.82-3.92 (1H, m) , 3.89 (3H, 
s) 4.32 (2H, s) . 7.01 (1 H. s) . 7.18-7.35 (5H. m) , 7.56-7.60 (2H, m) 
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Example 32 

(2R)-N-fH4-amino-3-fluorobenzvnpipe^ 
5 [0192] 

Structura I f ormul a 



10 



15 



20 



30 



35 



40 



45 



O ? H g 



[0193] The title compound was prepared by a method similar to Example 22, using 34luoro-4-aminotoluene. 

1 H-NMR (CDCI 3 , 6ppm): 1.28-1.50 (2H, m) , 1.50-2.32 (10H, m) , 2.60-2.80 (2H, m) , 3.20-3.38 (1H, m) , 3.33 (2H. 
s) . 3.45 (1 H, s) , 3.55-376 {3H, m) , 6.25 (1 H, d. J = 8.2 Hz), 6.69 (1 H, d d. J = 8.1 , 8.9 Hz) , 6. 82 (1 H, dd, J = 1 .6, 
8.1 Hz) , 6.93 (1H, dd, J = 1.6, 12.0 Hz) , 7.24-7.40 (3H, m), 7.50-7.58 (2H, m) 

25 low resolution FAB-MS (m/e, ((^3^3^02 + H) + ): 462. 

Example 33 

(2R)-N-fH6-amino-4-methylpyr^ 
[0194] 

Structural formu la 



Step 1. Synth esis of 6-chloromethvl-4-methYl-2-acetvl-aminc»vridina 

[0195] To a solution of 23 mg of 6-acetylamino-4-methylpyridine-2-methanol in 2 ml of chloroform. 0.05 ml of thionyl 
chloride was added at room temperature, followed by heating for 15 minutes with stirring under reflux. Distilling the sol- 
so vent off under reduced pressure, the title compound was obtained. 

Step 2. Synthesis Of f2R)-N-ri-(6-acetvlamino^-m6th^^ R)-3.3<lffluorocydo-nenty1 -2- 
hydrpxy-2-phenylapetamide 

55 [0196] The title compound was prepared by a method similar to Example 15. using the 6-chloromethyl-4-methyl-2- 
acetylaminopyridine as obtained in above step 1 . 
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Step 3. Synthesis of (2R)-N-f1-(6-amino^-methyl^ 
hvdraxy-2-phenvlacetamide 

[0197] To a solution of 16.5 mg of the (2R)-N-[1-(6-acetylamino-4-methylpv^^ R)-3 t 3-dif- 
luorocyclopentyf]-2-hydroxy-2-pheny1acet-aTTiide as obtained in above step 2 in 1 ml of methanol, 0.5 ml of 3M aqueous 
sodium hydroxide solution was added, and stirred for 1 .5 hours at 60°C. The reaction liquid was diluted with diethyl 
ether, washed with water and brine by the order stated and dried over anhydrous magnesium sulfate. Distilling the sol- 
vent off under reduced pressure, the resulting residue was purified by preparative thin-layer chromatography [Kieselgel 
™ 60F 2 54, Art 5744 (Merck); chloroform / methanol = 1 0/1 ) to provide 1 4 mg of the title compound as an oily substance. 

1 H-IMMR (CDCI3, Sppm): 1.30-1.50 (2H, m) , 1.71-2.30 (10H, m) , 2.33 (3H. s) , 2. 62-2.76 (2H, m) , 3.21-3.38 (1H. 
m) , 3.29 (2H, s) . 3.60-3.78 (1 H, m) , 4.35-4.51 (2H, m) , 6.26 (1 H, s). 6.35 (1 H, d, J = 8. 1 Hz) , 6.45 (1 H, s) , 7.25- 
7.40 (3H, m) . 7. 52-7.60 (2H, m) 
low resolution FAB-MS (m/e, (C^H^F^Og + H) *) 459. 

Example 34 

(2R)-N-f1-(3-amino-4-fluoroben2yl)piperidin-4-y»]-2-[(1 FQ -3,3-diflMorocydopentyn-2-h^ flhy- 
flrophloride 

[0198] 

Structural formula 




[0199] The title compound was prepared by a method similar to Example 22, using 2-f luoro-5-methylaniIine. 

1 N-NMR (CD3OD, 5ppm) : 1.68-2.11 (10 H, m) , 3.00-3.50 (5H,m), 3.79-3.90 (1H. m) , 4.32 (2H, s) . 7.18-7.30 (3H, 
m), 7.43 (1H, d, J * 8.4Hz) , 7.52-7.56 (2H, m) , 7. 57-7.65 (1H, m) , 7.73-7.78 (1H, m) 

low resolution FAB-MS (m/e, (C25H30F3N3O2 + H) *) : 462. 
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Example 35 

f2m-N-f1-f5-amino-2-fluoroben2vnpiperidin-4-vn-2-1 f1 TO ^.3^ifluorocvdooenMl-2-hvdroxv-2-Dhenvlacetemida 
5 [0200] 

Structural formula 



r5 



[0201 J The title compound was prepared by a method similar to the step 2 of Example 22 and Example 23, using 2- 
20 fluoro-5-nitrotoluene. 

1 N-NMR (CDCI3, Sppm) : 1.36-1.49 (2H, m) , 1.57-2.26 (10H, m) , 2.71-2.78 (2H, m) , 3.24-3.36 (1H, m) , 3.42-3.57 
(5H, m) , 3.66-3. 75 (1 H. m) , 6.24 (1 H, d. J = 8. 1 Hz), 6.51 -6.56 (1 H f m) , 6.65-6.68 (1 H, m) , 6.82 (1 H, t, J » 9.0Hz) 
, 7.29-7.40 (3H, m) , 7.53-7.57 (2H. m) 

25 

low resolution FAB-MS (m/e, (C^HsoFaNaOg + H) + ) : 462. 

Example 36 

30 (2R)-N-f1-(2-amino-4-chloropY^ 
cetamide 

[0202] 

35 Structural formula 



40 



45 



°H H 



CI 

NH2 



[0203] The title compound was prepared by a method similar to method 2 of Example 20, using methyl 4-chloro-6- 
hydroxymethylpyridine-2-carboxylate. 

50 

1 H-NMR (CDCI3, Sppm) : 1 .42-1 .54 (2H. m) , 1 .78-2.26 (10H, m) , 2.76-2.79 (2H, m) , 3.28-3.38 (1 H. m) , 3.42-3.47 
(3H. m) ,3.67-3.75 (1H, m) , 4.53-4.56 (2H, m) , 6.36 (1H, d, J«7.2Hz) , 6.38 (1H, d, J = 1.6Hz). 6.72 (1H. d, J = 
1.6Hz),7.25-7. 39 (3H. m) , 7.53-7.57 (2H, m) 
low resolution FAB-MS (m/e, (C24H29CIF2N4O2 + H) + ) : 479. 

55 
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Example 37 

(2R)-N-f1-(3-a mino-5^lorc)bergvnDto^^ 
[0204] 

Structura I f ormu I a 




Step 1. Synthesis pf g-chloro-S-nfrobgnzyl methanegul-fonqte 

[0205] To a solution of 92 mg of 3-chloro-5-nrtrobenzy! alcohol in 3 ml of chloroform, 0.3 ml of tri-ethylamine and 0.1 
ml of methanesulfonyi chloride were added at room temperature, followed by stirring for 40 minutes, addition of satu- 
rated aqueous sodium bicarbonate solution and further stirring for 30 minutes. The reaction mixture was diluted with 
diethyl ether, washed with saturated aqueous sodium bicarbonate solution and then brine and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, 1 19 mg of the title compound was obtained as an 
oil. 

Step 2. Synthesis of (2R)-N41-(3>amino-$^hlQrQ-benzyl)piperidin-4-yl]-2-1(1 R)-3 t 3<lifluorccYCloperTtyf]-2-hydroxy-2- 
phenyfocetamide 

[0206] The title compound was obtained by a method similar to Example 23, using the 3-chloro-5-nrtrobenzyl meth- 
anesulfonate as obtained in above step 1. 

1 H-NMR (CDCI3, 6ppm): 1 .30-1 .44 (2H, m) , 1 .73-2.22 (1 OH, m) , 2.68-2.73 (2H, m) , 3.24-3.36 (1 H, m) , 3.32 (2H, 
s) , 3.44 (1H, brs) , 3.61-3.77 (3H, m) 6.28 (1H, d. J=8.4Hz) . 6.49 (1H, d, J « 1.9Hz) , 6.55 (1H, dd. J=1.7, 1.9Hz) 
, 6.66 (1 H. d, J=1 . 7Hz) , 7.29-7.39 (3H, m) , 7.53-7.56 (2H, m) 
low resolution FAB-MS (m/e, (C2 5 H3oCIF 2 N 3 0 2 + H) + ): 459. 

Example 38 

(2R)-N-[1-(4^mino-3,5-dffluorpfren^ 
[0207] 

Structural formula 




[0208] The title compound was prepared by a method similar to the step 2 of Example 1 0, using 4-amino-3,5-drf luor- 
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obenzaktehyde. 

1 H-NMR (CDCI3, 6ppm) : 1.24-2.22 (12H, m) , 2.66-2.72 (2H. m) , 3.27-3.41 (4H, m) , 3.66-3.71 (3H, m) , 6.28 (1H, 
d, J = 7. 8Hz) , 6.77 (2H, d, J = 8.3Hz) , 7.28-7.39 (3H, m) , 7.54-7.56 (2H, m) 

5 

low resolution FAB-MS (m/e, (C^H^NaC^ + H) + ) : 480. 
Example 39 

10 f?R)-N-f 1 -f^fin^jmir^TOl^-Ylmethyl) p iperidin-4-yl]-2-[(1 R)-3.3-dif luoroq^dopentvn-2-hydroxv-2-pher^acetamM 
[0209] 

Structura I formul a 



15 



20 



25 



[0210] The title compound was prepared by a method similar to the step 2 of Example 10, using benzimidazole-5- 
carbaidehyde. 

30 1 H-NMR (CD3OO, 6ppm) : 1.45-2.25 (10H, m) , 2.25-2.48 (2H, m) , 2.90-3.10 (2 H, m) , 3.20-3.42 (1H, m) , 3.56- 
3.75 (1H, m) , 3.82 (2H, s) . 7.18-7.40 (4H, m) , 7. 51-7.75 (4H, m) , 8.17 (1H. s) 

low resolution FAB-MS (m/e, (C 28 H3oF2N 4 0 2 + H) + ): 469. 

35 Example 4Q 

(2R)-N-f1-(6-aminopwidin-2-ylmetr^^ 

[0211] 

Structura I formula 



40 



45 



50 



OH H 



[0212] The title compound was prepared by a method similar to the step 4 of method 2 of Example 20, using (2R)- 
55 (3,3-difluorocyclobuty0-2-hydroxyphenylacetic acid and 4-amino-1-(6-aminopyridin-2-ylmethyl)piperidine trihydrochlo- 
ride. 

1 H -NMR (CDCI3, 5ppm) : 1.20-1.52 (2H, m) , 1.60-1.86 (2H, m) , 2.08-2.22 (2H, m) , 2.40-2.82 (6H, m) , 307^3.21 
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(1H, m) , 3.41 (2H s) , 3.60-3.80 (1H, m) , 3.84 (1H, brs), 4.40 <2H, brs) , 6.01 (1H, d, J = 8.1Hz) , 6.36 (1H. d. 
J=8.2Hz) , 6.66 (1 H, d. J=8.2Hz) , 7.28-7.42 (4H, m) , 7.43-7. 50 (2H ( m) 

low resolution FAB-MS (m/e, (C23H28F2N4O2 + H) + ) : 431. 

5 

Example 41 

(2RVN41-(6-aminopyridin^ 
10 [0213] 

Structural formula 



15 




25 [021 4] The title compound was prepared by a method similar to the step 4 of method 2 of Example 20, using (2R)- 
(4,4-difluorocydohexyl)-2-hydroxyphenylacetic acid and 4-amino-1-(6-am!nopyridin-2-ylmethy0piperidine trihydrocWo- 
ride. 

1 N-NMR (CDCI3. 6ppm) : 1 .20-1 .97 (10H. m) , 1 .97-2.22 (4H, m) . 2.44-2.68 (1 H, m) , 2.70-2.92 (3H, m) , 3.42 (2H, 
30 s) , 3. 62-3.80 (1 H, m) , 4.42 (2 H, brs) , 6.36 (1 H, d, J=8.2Hz) ( 6.62 (1 H, d. J=7.9Hz) , 6.67 (1 H. d. J = 8.2Hz) , 
7.24-7.42 (4H, m) , 7.55-7.62 (2H. m) 
low resolution FAB-MS (m/e, (C25H32F2N4O2 + H) + ): 459. 

Example 42 

35 

(2R)-N-rH6-arninopvridin-2-vlmethvnpiperidin-4-vn-2-rf1R)-f3.3^ 
cetarrride 

[0215] 

40 

Structural formula 



45 




65 [021 6] The title compound was prepared by a method similar to the method 1 of Example 20, using (2R)-(3,3-difluor- 
ocyclopentyl)-2-(4-f luorophenyQ-2-hydrcxyacetic acid. 

1 N-NMR (CDCI3. Sppm) : 1 .39-1 .55 (2H, m) , 1 .70-2.22 (1 OH, m) , 2.73-2.81 (2 H, m) , 3.23-3.36 (1 H, m) , 3.43 (2H, 
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S) , 3. 65-3.77 (1H f m) , 4.43 (2H. brs), 6.31 (1H, d. J=7.6Hz) , 6.37 (1H, d. J=8.2Hz), 6.67 ( 1H, d, J=7.4Hz) ( 7.01- 
7.08 (2H, m) , 7.37 (1H, d d, J =7.4, 8.2Hz) , 7.51-7. 58 (2H, m) 

low resolution FAB-MS (m/e, (C24H29F3N4O2 + H) + ) : 463. 
Referential Example 1 

(2F0 -ff 1 R)-3-oxocvclopentvn-2-hvdrox v-2-phenvlacetic acid 

Step 1. Synthesis Of (2R 5R)-g-(t-butvn-5-fM R)-3-oxo^doDentvl1-5-Dhenvl-1.3-dioxolan-4-on e a nd (2R.5RV2-ft-hutvn. 
5-f(1 S)-3-oxocvclQDentvn-5-Dhenvl-1 .3-dioxolan-4^one 

[021 7] To a mixture of 51 0 mg of (2R,5R)-2-(t-butyl)-5-phenyl-1 ,3-dioxolan-4-one which had been synthesized by the 
method of D. Seebach, et al. [Tetrahedron. Vol. 40, pp. 1313-1324 (1984)] in 20 ml of tetrahydrofuran and 1 ml of hex- 
amethylphosphoric triamide, 1 .7 ml of 1 .5M lithium diisopropylamide solution in hexane was added dropwise at -78°C, 
followed by stirring for 30 minutes. Then a solution of 285 mg of cyclopentenone in 1 .5 ml of tetrahydrofuran was added, 
and the reaction mixture was stirred for 1 .5 hours. The reaction mixture was diluted with ethyl acetate, washed with sat- 
urated aqueous ammonium chloride solution, water and then brine, and dried over anhydrous magnesium sulfate. Dis- 
tilling the solvent off under reduced pressure, resulting residue was purified by medium pressure silica gel column 
chromatography (developing solvent: hexane / ethyl acetate = 15/1 - 10/1). Thus 150 mg and 254 mg, respectively, of 
the title compounds were obtained as oil. Configuration of each of the compounds was determined from NOE of NMR. 

Step 2. Synthesis of (2RHH R)-3-oxocvdonentvn-2>hvdroxv-2-phenviacetic acid 

[0218] To a solution of 61 mg of (2R, 5R)-2-(t-butyI)-5-[(1 R)-3-oxocyclopentyf]-5-phenyl-1 ,3<lioxolan-4-one in 3 ml of 
methanol. 1 ml of 1 N aqueous sodium hydroxide solution was added, followed by stirring for 3 hours at room terrpera- 
ture. Distilling the methanol off under reduced pressure, the residue was diluted with water and washed with diethyl 
ether. The aqueous layer was made acidic with 1 N hydrochloric acid and extracted with diethyl ether. The organic layer 
was dried over anhydrous magnesium sulfate to provide 48 mg of the title corrpound. 

Referential Example 2 

(2R) -TMS) -3-oxocvcloDentvn-2-hvdroxv-2-ohenvlacetic acid 

[021 9] The title compound was prepared by a method similar to the step 2 of Referential Exanple 1 . using (2R.5R)- 
2-(t-butyO-5-[(1S)-3-coocyclopentyl]-5-phenyl-1 ,3-dioxolan-4-one. 

Referential Example 3 

(2R)-1f 1 R)-3.3<fflluorocvclopentvn-2-^ acid 

Step 1 . Synthesis of (2R,5RV2-ft-butvi)-5-H1 R)-3.3-drf luorocvdoDe ntvn-5H3henvl-1 .3^diQxolan-4-one To a solution of 
256mgof(2R,5R)-2-(t- 

[0220] butyl)-5-[(1 R)-3-oxocyclopentyl]-5-pheny1-1 ,3-dioxolan-4-one in 3 ml of chloroform, 0.34 ml of diethylamino- 
suffur trrf luoride was added under cooling with ice, followed by stirring for 20 hours at room temperature. The reaction 
mixture was diluted with diethyl ether, washed with water and then brine, and dried over anhydrous magnesium sulfate. 
Distilling the solvent off under reduced pressure, resulting residue was purified by silica gel column chromatography 
(developing solvent: hexane / ethyl acetate = 20/1 ) to provide 1 1 5 mg of the title corrpound. 

Step 2. Synthesis of (2RH(1 R)-3.3<lifluorc<;vclc^entvn>2>hvdroxv-2^henvlac^c acid 

[0221] The title compound was prepared by a method similar to the step 2 of Referential Example 1, using (2R, 5R)- 
2-(t-butyl)-5-[(1 R)-3,3-dif luorocydopentyl]-5-pheny 1 -1 ,3-dioxoian-4-one. 
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Referential Example 4 

(2R)-f( 1 S)-3.3«dif luorocvdoDentvn-2-hvdroxv-2-phenYlacetic acid 

5 [0222] The title compound was prepared by a method similar to Referential Example 3, using (2R,5R)-2-(t-butyl)-5- 
[(1 S) -3-oxocyclopentyQ -5-phenyl- 1 ,3-dioxolan-4-one. 

Referential Example 5 

10 (2R)-[(1 S)>3>h ydroxycvdonentyn-2-hydroxy-2 acid 

Step 1. Synthesis of (2R.5RV2-ft-butvn-5-ff1 SV3-hvdroxvcvcloDentvn-5^henvl-1 .3Hdiaxolan-4-one 

[0223] To a solution of 1 69 mg of (2R 5R)-2-(t-butyl)-5-[(1 S)-3-oxocyclopentyl]-5-phenyi-1 ,3-dioxolan-4-one in 2 ml of 
is methanol, 71 mg of sodium borohydride was added under cooling with ice, followed by stirring for 30 minutes at the 
same temperature. The reaction mixture was diluted with diethyl ether, washed with water and then brine, and dried 
over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 1 57 mg of the title compound was 
obtained as a colorless oil. 

20 Step 2. Synthesis of (2R)-rnS)^-hvdroxvcvdo^errtvtl-2-hvdroxv-2-ohenvlacetic acid 

[0224] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R.5R)- 
2-(t-butyO-5-[(1S)-3-hydr^ Referential Examples 

25 (2R) -f(1 R)"3-hvdroxvcyclopentyn-24Tydroxy>2«phenytacetic acid 

[0225] The title compound was prepared by a method similar to Referential Example 5. using (2R.5R)-2-(t-butyl)-5- 
[(1 R)-3-oxocyclopentyQ-5-phenyl-1 ,3-dioxolan-4-one. 

30 Referential Example 7 

f2RVrnSV3-fluorocvdooentvf1-2-hvdroxv-2^henv1acetic acid 

[0226] The title compound was prepared by a method similar to Referential Example 3, using (2R)-[(1 S)-3-hydroxy- 
35 cyclopentyTl-2-hydroxy-2-phenylacetic acid. Referential Example 8 

(2BHL1 RV3-fluorocvdoDenM1-24wdroxy-2'phenylacetic acid 

[0227] The title compound was prepared by a method similar to Referential Example 3, using (2R)-[(1 R)-3-hydroxy- 
40 cyclopentyl]-2-hydroxy-2-phenylacetic acid. Referential Example 9 

2-cvclooerrtvl-2-hvdrQxv-2-Dhenviacetic acid 

[0228] To a solution of 23. 5 g of ethyl phenylgly-oxylate in 200 ml of tetrahydrofuran, 70 ml of 2.0 M cydopentylmag- 
45 nesium chloride solution in diethyl ether was added dropwise under cooling with ice, followed by stirring for 30 minutes 
at the same temperature. The reaction mixture was diluted with ethyl acetate, washed with saturated aqueous ammo- 
nium chloride solution and brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced 
pressure, the residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 
30/1 - 20/1) to provide 1 1 g of ethyl 2-<ydopentyl-2-hydraxy-2-phenylacetate, which was dissolved in 40 ml of methanol. 
so To the solution 20 ml of 4N aqueous sodium hydroxide solution was added at room temperature, followed by stirring for 
2 hours at the same temperature and further for 1 hour at 50°C. Distilling the methanol off under reduced pressure, the 
aqueous layer was made weakly acidic with 4N hydrochloric acid and extracted with ethyl acetate. The organic layer 
was washed with water and then brine and dried over anhydrous magnesium sulfate. Distilling the solvent off under 
reduced pressure, the residue was washed with 1 : 1 mixture of diethyl ether and hexane. Thus, 8.7 g of the title com- 
55 pound was obtained. Referential Example 10 
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(2RH(1 R)-3.3<frfluorocvclopentvn-2-hvdroxv-2^envlacetic acid 



Step 1. Synthesis of (2R.5RV2-tt-butvn-5- fMS.2R. 5R. 6S7RV3^Qtricvclor5.2.1.Q^dec-8-en-5>vn-5-ohenvt-1.3. 

dioxolan-4-one 

[0229] To a solution of 32 g of (2R,5R)-2-(t-butyl) - 5-phenyM, 3-dioxolan-4-one in 1.1 I of tetrahydrofuran, 105 ml of 
1. 5 M lithium diisopropylamide solution in hexane was added dropwise at -78°C, followed by stirring for 30 minutes, 
addition of 23.4 g of (1S, 2R, 6S ( 7R)-tricyclo[5.2.1.0 2 ' 6 ]dec-4 > 8^ien-3-one as dissolved in 300 ml of tetrahydrofuran, 
and further stirring for 1 .5 hours. The reaction mixture was diluted with ethyl acetate, washed with saturated aqueous 
ammonium chloride solution, water and then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent 
off under reduced pressure, the residue was recrystallized from hexane-ethyl acetate. Thus 36.9 g of the title corrpound 
was obtained as a white solid. 

Step 2. Synthesis of (2R.5R)-2-(t-butvn-5-^^^ 

[0230] A solution of 25.6 g of the (2R,5R)-2-(t-butyl)-5-[(1 S. 2R, 5R, 6S, 7R)-3-oxo-8-tricyclo[5. 2. 1 .0 2 ' 6 ] dec-8-en-S- 
y0-5-phenyl-1 ,3-dioxolan-4-one as obtained in above step 1 in 350 ml of 1 ,2-dichlorobenzene was heated at 1 75°C for 
7 hours with stirring, under nitrogen atmosphere. Thus precipitated solid was recovered by filtration and washed with 
hexane to provide 1 4 g of the title compound as a white solid. 

Step 3. Synthesis of (2R,5R)-2-ft-butyl)-5-K1 m-3-oxocvclopentvn-5-phenvl-1 3-dioxolan-4-on 6 

[0231] To a solution of 19.1 g of the (2R,5R)-2-(t-butyl)-5-[(1S)-4-o^^ 3-dioxolan-4-one 
as obtained in above step 2 in 700 ml of ethyl acetate. 2.0 g of 1 0% palladium-on-carbon was added, followed by stirring 
for 2 hours at ordinary temperature under hydrogen atmosphere. Filtering the catalyst off then distilling the solvent off 
under reduced pressure, the residue was recrystallized from hexane-ethyl acetate to provide 14 g of the title compound 
as a white solid. 

Step 4. Synthesis of (2RH(1 R)-3.3<iifluorocvclo-pentvn-2^droxv -2-phenvlacetic acid 

[0232] The title compound was prepared by a method similar to Referential Example 3, using the (2R,5R)-2-(t-butyl)- 
5-[(1 R) -3-oxocyd operrtyf]-5-phenyl - 1 ,3-dioxolan-4K)ne as obtained in above step 3. 

Referential Example 1 1 

(2RH3.3-difluor<x*cloper^n^ 

[0233] The title compound was prepared by a method similar to the step 1 of Referential Exarrple 1 and Referential 
Example 3, using (R)-4-fluoromandelic acid. Referential Example 12 

(2RH3,3-diflMorc^clob^ 

Step 1. Synthesis of (2R,5RV2-ft4xJtvrD-^ 

[0234] The title compound was prepared by a method similar to the step 1 of Referential Example 1 , using 3-benzy- 
loxycyclobutanone. 

Step 2. Synthesis of (2R,5R)-2-(t4>utyn-5-ra^^ 

[0235] To a solution of 2.82 g of the (2R,5R)-2-(t-butyl)-5-(3-benzyloxy-1 -hydroxycyclobutyl)-5-phenyl-1 ,3-dioxolan-4- 
one as obtained in above step 1 in 80 ml of chloroform, 2.6 g of 4-dimethylaminopyridine was added under cooling with 
ice, followed by stirring for an hour at the same temperature. To the reaction mixture, 1 ml of methyl chloroglyoxylate 
was added, followed by stirring for an hour. The reaction mixture was diluted with chloroform, washed with water and 
then brine, and dried over anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue 
was mixed with hexane / ethyl acetate = 1/1 liquid mixture and filtered through a silica gel column. Distilling the solvent 
of the filtrate off under reduced pressure, the residue was dissolved in 80 ml of toluene, and to the solution 56 mg of 
2,2-azobisflsobutyronitrile) and 2.3 ml of tri-n-butyltin hydride were added at room temperature, followed by heating for 
4 hours at 1 10°C with stirring . Distilling the solvent off under reduced pressure, the residue was purified by silica gel 
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column chromatography (developing solvent: hexane / ethyl acetate = 8/1) to provide 1 .82 g of the title compound as an 
oily substance. 

Step 3. Synthesis of (2R.5R)-2-(H?uiy|)-5^^ 

5 

[0236] To a solution of 1.82 g of the (2R,5R)-2-(t-butyQ-5-(3^enzyloxyc^^ as 
obtained in above step 2 in 40 ml of ethanol, 430 mg of palladium hydroxide-carbon was added, followed by Stirling for 
6 hours at ordinary temperature under hydrogen atmosphere. The reaction mixture was filtered through Celrte. Distilling 
the solvent off under reduced pressure, the residue was dissolved in 5 ml of dichloromethane, and the resulting solution 

10 was added dropwise at -78°C to a reaction mixture formed by adding 0.63 ml of oxalyl chloride to 1 . 1 ml of dimethyl sul- 
foxide in 50 ml of dichloromethane at -78°C and stirring for 5 minutes. After stirring for 15 minutes at the same temper- 
ature, 0.5 ml of triethylamine was added to the reaction mixture and stirred for 30 minutes while raising the temperature 
to room temperature. The reac-tion liquid was diluted with chloroform, washed with water and then brine, and dried over 
anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, the residue was purified by silica gel 

is column chromatography (developing solvent: hexane / ethyl acetate = 8/1 ) to provide 1 .36 g of the title compound as an 
oily substance. 

Step 4. Synthesis of (2R)>f3.3<lifluoroc^dobutvlV2-hvdroKv-2>Dhenvlacetic acid 

20 [0237] The title compound was prepared by a method similar to Referential Example 3, using the (2R 5R)-2-(t-butyl)- 
5-(3-oxocydobutyl)-5-pherryl-1 ,3-dioxdan-4-one as obtained in above step 3. 

Referential Example 13 

25 {2RH4.4<irfluorocvcto^ acid 

Step 1. Synthesis qf (2R,$R)-2-(t-ftityl)-5-{1,4Kto^ 

[0238] The title compound was prepared by a method similar to the steps 1 and 2 of Referential Example 12, using 
30 1 ,4-dioxa-8-oxospiro[4.5]decane. 

Step 2. Synthesis pf (2P,5R)-2^-butyQ-5^4^ 

[0239] To a solution of 83 mg of the (2R,5R)-2-(t-butyl)-5-(1 ,4-dioxaspiro[4.5]dec-8-yl)-5-phenyM ,3-dioxdan-4-one in 
as a mixture of 4 ml of acetone and 0.4 ml of water, 52 mg of p-toluenesutfonic acid was added at room temperature, fol- 
lowed by stirring for 13 hours at 50°C. Distilling the acetone off under reduced pressure, the residue was diluted with 
ethyl acetate, washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, 70 mg of the title compound was obtained as an 
oil. 

40 

Step 3. Synthesis pf (2RH4,4<lifluQro<ttdohexy^^ qcM 

[0240] The title compound was prepared by a method similar to Referential Example 3, using the (2R,5R)-2-(t-butyl)- 
5-(4-oxocydohexyl)-5-phenyl-1 ,3-dioxdan-4-one as obtained in above step 2. 

45 

Referential Example 14 

(2R)-[(IR)-3,3<lifluorQcycloper^ gciql 
so Step 1. Synthesis pf (2R,5R)-2-(t-lxityO-Hfl^^ 

[0241 ] To a solution of 46 mg of (2R,5R)-2-(t-butyl) - 5-[(1 R)-3-oxocydopentyl]-5-phenyl-1 ,3-diaxolan-4-one in 1 .5 ml 
of pyridine, 85 mg of hydroxyl amine hydrochloride was added and the mixture was stirred for I hour at room tempera- 
ture. The reaction mixture was diluted with ethyl acetate and washed with water and brine, and then dried over anhy- 
55 drous sodium sulfate. The solvent was removed under reduced pressure to give 55 mg of the title compound. 
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Step 2. Synthesis of (2R,5R)-2-(t-butyn-5-MR)^ 

[0242] To a mixture of 20 mg of nitrosonium tetra-f luoro borate and 0.5 ml of 70% hydrogen f luoride-pyri-dine, a solu- 
tion of 34 mg of (2R,5R)-2-(t-butyl)-5-[(1 R)-3-hydrc^iminocydopentyQ-5iDhenyl-1,3-diQxolan-4-one in 0.5 ml of cfichlo- 
romethane was added under ice-cooling. The mixture was stirred for 10 minutes at 0°C and 5 hours at room 
temperature. Water was added to the reaction mixture under ice-cooling and the mixture was extracted with ethyl ace- 
tate. The organic layer was washed with saturated aqueous sodium bicarbonate solution and then brine, and dried over 
anhydrous magnesium sulfate. The solvent was removed under reduced pressure to give 35 mg of the title compound. 

Step 3. gRH(IR)-3.3-dif)wrc<ycto^ add 

[0243] The title compound was prepared by a method similar to the step 2 of Referential Example 1 , using (2R,5R)- 
2-(t-butyl)-5-[(1 R)-3,3-difluorocydopentyl)-5-phenyl-1 ,3-dioxolan-4-one. 

Industrially Mtilizability 

[0244] The fluorine-containing 1 ,4-disubstrtuted piperidine derivatives of the present invention have selective antag- 
onistic activity for muscarinic M 3 receptors, and exhibit excel lent oral activity, duration of action and pharmacokinetics, 
so that they have little side effects and are safe and effective. Hence, they are very useful in the treatment or prophylaxis 
of diseases such respiratory diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma and rhin- 
itis: digestive diseases such as irritable bowel syndrome, convulsive colitis, diverticulitis and pain accompanying con- 
traction of smooth muscles of the digestive system: urinary disorders like urinary incontinence and frequency in 
neurogenic pollakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis: and 
motion sickness. 



1 . Novel fluorine-containing 1 ,4-disubstituted piperidine derivatives represented by the general formula [I] 



and pharmaceutically acceptable salts thereof, 
[wherein: 

Ar represents an aryl group or a heteroaryl group having 1 to 2 hetero atoms selected from a group consisting 
of nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the ring of said aryl or heteroaryl group may be 
substituted with lower alkyl, trifluoromethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyi, halogen, lower alkoxy, 
amino or lower alkyl-amino); 

R 1 represents C3-C 6 cycloalkyl whose any 1 -4 hydrogen atoms may be substituted with fluorine atom(s); 
R 2 represents C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon groups whose any 1 to 6 hydrogen 
atoms may be substituted with fluorine atom(s), aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group 
having 1 to 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur (optionally any 1 to 
3 hydrogen atoms on the ring in said aralkyl, arylalkenyl, heteroarylalkyl or heteroarylalkenyl group may be 
substituted with lower alkyl, trifluoromethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyi, halogen, lower alkoxy, 
amino or lower alkylamino); and 
X stands for O or NH, 

provided that at least either one of R 1 and R 2 contains one or more fluorine atoms]. 

2. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which Ar is phenyl group which 
may be substituted with 1 to 3 substituents selected from the group consisting of lower alkyl, trifluoromethyl, cyano, 
hydroxy!, nitro, lower alkoxycarbonyi, halogen, lower alkoxy, amino and lower alkylamino. 

3. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which R 1 is C3-C 6 cycloalkyl in 



Claims 




Ar o 



[I] 
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which any 1 to 4 hydrogen atoms are substituted with fluorine atom(s). 

4. The compounds or their pharmaceutical^ acceptable salts according to Claim 1, in which R 1 is cydobutyl. 
cyciopentyi, cyclohexyl, 2-fiuorocyclobutyl, 3-fluorocydobutyl, 2,2-difluorocydobutyl, 3.3-difluorocydobutyl, 2-f luor- 
ocycloperrtyl, 34luorocyclopenty1, 2,2-difluorocydopentyl, 3,3-difluorocydoperrtyl, 2,2,3,3-tefrafluorocydopentyl, 
3,3,4,4-tetrafluoro-cydopentyi, 2-fluorocydohexyl, 3-fluorocyclohexyl, 4-fluorocydohexyl. 2,2-dffiuorocydohexyl, 
3,3-difluorocyclohexyi or 4,4-difluorocydohexyl. 

5. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which R 1 is 24luorocydobutyl, 
3-fluorocydobutyl, 2,2-d'rfluorocyclo-butyl, 3,3-difluorocyclobutyl, 2-fluorocydoperrtyl, 3-fluorocydopentyl, 2,2-dif- 
luorocydopentyl, 3,3-dtfluorocycloperrtyl , 2,2,3,3-tetraf luorocyclopentyl, 3,3,4,4-tetrafIuorocydopentyi, 24luorocy- 
dohexyl, 3-fluorocyclohexyl, 4-fluorocyclohexyi, 2,2-drfluorocydo-hexyl, 3,3-difluorocydohexyl or 4,4- 
difluorocydohexyl. 

6. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which X is NH. 

7. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which R 2 is a group whose any 
1 to 6 hydrogen atoms may be substituted with fluorine atom(s) and is represented by the formula below: 



Q represents methylene, ethylene, trimethylene or tetramethylene; 

R a and R c each represents a hydrogen atom or are combined to form a single bond; and 

R b , R d and R e may be the same or different and each represents a hydrogen atom, a lower alkyl group, C3-C 8 

cycloalkyl or cydoalkenyl. or R b and R d , or R d and R° together form each a C3-C 8 cycloalkyl or cydoalkenyTJ, 

8. The compounds or their pharmaceutically acceptable salts according to Claim 1, in which R 2 is C 5 -C 15 straight 
chain or branched alkyl, alkenyl, alkynyl, cycioalkylalkyl or cycloalkylaikenyl in which any hydrogen atom(s) on the 
cydoalkyl ring may be substituted with lower alkyl ; cycloalkenylalkyl or cydoaikenyl-alkenyl in which any hydrogen 
atom(s) on the cycloalke-nyl ring may be substituted with lower alkyl ; cydo-alkylalkynyl or cycloalkenylalkynyl ; or 
those in which any 1 to 6 hydrogen atoms are substituted with fluorine atom(s). 

9. The compounds or their pharmaceutically acceptable salts according to Claim 1 , in which R 2 is benzyl, phenethyl, 
phenylpropyl, phenylpropenyl, 2-pyridylmethyl, 2-pyridylethyl, 2-pyridylpropyl, 3-pyridyl-methyl, 4-pyridylmethyl, 2- 
thiazolylmethyl, 2-thienyl-methyi, 3-thienylmethyl, 1-imidazolylmethyl, 2-imidazolylmethyl, 4-imidazolylmethyl, 3- 
pyrazolylmethyl, 4-pyrazolylmethyl, 2-furyimethyl, 3-furylmethyl, 2-pyrrolylmethyl, 3-pyrrolyl methyl, 2-pyrimidinyl- 
methyl 4-pyrimidinylmethyl, S^yrimidinylmethyl, pyrazinylmethyl, 3-pyridazinylmethyl, 4-pyridazinylmethyl, 2-quini- 
dyl-methyl, 2-benzothienylmethyl or 2-indolylmethyl (any 1 to 3 hydrogen atoms on the ring of said benzyl, 
phenethyl, phenylpropyl, phenylpropenyl or heteroarylalkyl group may be substituted with lower alkyl, trifluoro- 
methyl, cyano, hydraxyl, nitro, lower aJkoxycarbonyl, halogen, lower alkoxy, amino or lower alkylamino). 

10. The compounds or their pharmaceutical ly acceptable salts according to Claim 1 , in which R 1 is 3,3-dMluorocy- 
clopentyl and R 2 is 2-thienylmethyl, 3-thienyl-methyl, 2-furylmethyl, 3-furylmethyl, 2-pyridylmethyl or benzyl (any 1- 
3 hydrogen atoms on the ring in the thienylmethyl, furylmethyl, pyridylmethyl or benzyl group may be substituted 
with lower alkyl, trifluoromethyl, cyano. hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy, amino or lower 
alkylamino). 

11. The compounds or their pharmaceutically acceptable salts according to Claim 1, in which the compound repre- 
sented by the genera! formula [I] is: 



R a R c 




[II] 



[in which 
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(2R)-N-[1-(4^etiiy1-3i>emen^^ 

(2R)-N-[1 -(4-methyt-3-pentenyl) piperidin-4-yl]-2-[(1 S)-3.3Kiif!uorc)cydopentyl]-2-hydroxy-2i3henylace4amide 
(2R)-N-[1-(4^ethyl^i»rtenygpiperid^ 

(2R)-N-[1-(4HTiethyl^^nteny0piperid^ amide 

(2R)-N-[1-(4^ethyl-3-pentenyl)^^ 

(2R)-N-[1-(4-meth^-3i>emen 

N-[1-[(3ZM-trifluoromethyl^p^ 

N-[1-[(3ZM-fluoix>methyi-3-peirt^^ 

N-[1-[(3E)-4-fluoromethyl-3-penten^ 

(2R)-N-(1 -cyclohepty1methyipiperidin-4-yl)-2-[(1 R)-3,3-dif luoroc^doperrtyI]-2-hydroxy-2-pheny1acetanriide 

(2R)-N-[1-[(3E)-4-fluorometh^ 

lacetamide 

(2R)-N-[1-(6-methylpyridin-2-ylmethy^ 
acetamide 

(2 R)-N-[1 -(3-thienylmethyl)piperidin-4-ylJ-2-[(1 R)-3,3-dif luorxx^lopenty0-2-hydroxy-2i3heny!acetamide 
(2R)-N-[1 -(3-f urylmethyl)piperidin-4-yl]-2-[(1 R)-3,3<lif luorocyclopentyl]-2-hydrQxy-2-phenylacetamide 
(2R)-N-[1 -(2-furylmethyl)piperidin-4«yI]-2-[(1 R)-3,3-dif luoro<^doperrtyl]-2-h^rQxy-2i)henyiacetamide 
(2R)-N-[1-(2i3yridylmetW^ 

(2R)-N-[1 -(3-methoxybenzy1)piperldin-4-yr|-2-[(1 R)^,3KjjfluorocyclopentyQ-2-hydroxy"2i3henylacetamide 

(2R)-N-(1 -benzylpiperidin-4-yl)-2-[(1 R)-3,3-dif luo«x^openty0-2-hydroxy-2-phenylacetamide 

(2R)-N-(1 -(3-fluorobenzyl)plperidin-4-yl]-2-[(1 R)-3,3-dif luorocydopentyl]-2-hydraxy-2-phenylacetamide 

(2 R)-N-[1 -(3-chlorobenzy0piperidin-4-yf]-2-[(1 R)-3,3-dlf luorocyclopentyl]-2-hydroxy-2-phenylacetamide 

(2R)-N-[1 -(2-thienylmetlTyl)piperidin-4-yO-2-[(1 R)-3, 3<lffluorocydoper^]-2-hydroxy-2-phenylacetamide 

(2 R)-N-[1 -(6^minopyridin-2-yimelhyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorcx;ydopentyIl-2-hydraxy-2-phenyl- 

acetamide 

(2R)-N-[1-(6^mino^^ethoxypyridin-2-ylm 3-difluorcx^clopentyf]-2-hydroxy-2- 
phenyacetanrdde 

(2R)-N-[1 -(3-amino-5-methylbenzy0piperidin-4-yl]-2-[(1 R)-3,3-dif luorocydopentyl]-2-hydrQxy-2-phenylacet- 
amide 

(2R)-N-[1 -(3-aminoben2yl)piperidin-4-yl]-2-[(1 R)-3,3<lifluorocydopentyl]-2-hydrQxy-2-phenylacetamide 
(2R)-N-[1 -(2-aminobenzy1)piperidin-4-y!]-2-[(1 R)-3, 3-dif luorocydopen^-24iydiTOy-2i3henylacetamide 
N-[1 -(4-aminobenzyl)piperidin-4-yl]-2-I(1 R)-3,3-dif luorocyclopenty0-2-l^roxy-2-phenylacetamide 
(2R)-N-[1 -(4-amino-3-methoxybenzyl) piperidin-4-yl]-2-[(1 R)-3, 3-diflurocydopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[J-(3. 5-diaminobenzyl)piperidin-4-yl]-2-[(1R) -3, 3<iifluorocyclopentyn-2-hydroxy-2iDhenylacet-arnide 
(2R)-N-[1-(5-methylfuran-2-^methyl)piperidin-4-yi]-2-I (1R) -3, 3-dif luorocydopentyl]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1 -(3-methylbenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocydopentyi]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(4-methoxybenzyl)piperidin-4-yl]-2-{(1 R)-3, 3-dif luorocydopentyl]-2-hydroxy-2-pheny1acetamide 
(2R)-N-[1 -(3^mino-5^ethoxybenzy0piperidin-4-yl]-2-[(1 R)-3, 3-drfluorocydoperrty!]-2-hydrQxy-2-phenyiacet- 
amide 

(2R)-N-[1 -(4-amino-3^luorobenzyl)piperidin-4-yI]-2-[(1 R) -3, 3-difluorocydopentyl]-2-hydroxy-2-phenyiacet 
amide, 

(2 R)-N-[1 -(6-amino-4-methylpyricBn-2-yl)piperidin-4-yl]-2-[(1 R)-3. 3-drf luorocydopentyI]-2-hydroxy-2-phenyl 
acetamide, 

(2R)-N-[1 -(3-amino-4-fluorobenzyl)piperidin-4-y0-2-[(1 R) -3. 3<Jifluorocydopentyl]-2-hydroxy-2-phenylacet 
amide 

(2R)-N-[1 -(5-amino-2-f luorobenzyl)piperidin-4-y0-2-{(1 R)-3. 3-difluorocydopenty0-2-hydroxy-2-phenylacet' 
amide 

(2R)-N-[1 -(2-«mino^<hioropyridirv6-ylmethyl)-piperidin-4-yl]-2-[(1 R)-3,3-difluorcwydopentyl]-2-hydroxy-2- 
phenytacetamide 

(2R)-N-[1 -(3-amino-5-chlorobenzy1)piperidin-4-yl]-2-[(1 R) -3, 3-difluorocydopentyl]-2-hydroxy-2-phenytacet 
amide 

(2R)-N-[1 -(4-amino-3,5-difluorobenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-drfluorocydopentyJ]-2-hydroxy-2-phenyla 
cetamide 

(2 R)-N-[1 -(benzimkjazol-5-ylmethyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocydopentyO-2-hydroxy-2-pheny1-aceta 
mide 

(2R)-N-[1-(6-aminopyridirv2-ylmethyl)pp^ 
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(2R)-N-[1-(6-aminopyrkJin-2-ylmeth^ 
amide, or 

(2R)-N-[1 <6-aminopyrkJin-2-ylmethyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocyc!operrtyl]-2-(4-f luorophenyl)-2- 
hydroxyacetamide. 

12. The compounds or their pharmaceutical^ acceptable salts according to Claim 1, in which the compounds repre- 
sented by the genera! formula [I] is: 

(2R)-N-[1 -(6-methylpyridin-2-yl-methyI)piperidin-4-y1]-2-[(1 R)-3,3-dif luorocydoperrtyl]-2-hydroxy-2-phenyl- 
acetamide 

(2R)-N-[1 -(3-thienylmethyi)piperidin-4-yTj-2-[(1 R)-3,3<irfluorocydopentyl]-2-hydra^ 

(2R)-N-[1 -(3-furylmethyI)plperic0n-4-yf]-2-[(1 R)-3, 3<TifluorocydopentyQ-2-hydroxy-2-pheny1acetamide 

(2R)-N-[1 -(2-furytmethyI)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocyc!open^-2-h^roxy-2iDher^acetamide 

(2R)-N-[1 -(2-pyridylmethyl)piperidin-4-yfJ-2-[(1 R)-3, 3-difluorocydopen^]-2-hydroxy-2-phenylacetamide 

(2R)-N-[1 -(3-methoxybenzyl)piperidin-4-yl] -2-{(1 R)-3, 3-dif luoixx^dopentyl]-2-hydroxy-2-ph«iylacetamkle 

(2R)-N-(1 -benzylpiperidin-4-yf)-2-[(1 R)-3,3KiifluorocydopentyO-2-hydro^-2-phenylacetamide 

(2R)-N-[1 -(3-f luorobenzyl)piperidin-4-yl]-2-[(1 R)-3. 3-dif luorocydopenty0-2-hydroxy-2-phenylacetamide 

(2R)-N-[1 -(3-chlorobenzy[)piperidin-4-yf]-2-[(1 R)-3,3-diftuorocyciopent^-2-h^^ 

(2R)-N-[1 -(2-thienylmethyl)piperidin-4-y0-2-[(1 R)-3, 3-dif tuorocydoperrtyi]-2-hydroxy-2-phenylacetam)de 

(2R)-N-[1 -(6-aminopyridin-2-yImethyl)pperidin-4-yl]-2-[(1 R)-3, 3-dif luorocydoperrtyl]-2-hydroxy-2-phenyl- 

acetamide 

(2R)-N-[1-(6-amino-4-methoxypy^ 
phenylacetamide 

(2R)-N-[1 -(3-amino-5-methylbenzy0pperidin-4-yl]-2-[(1 R) -3, 3-difluorocydopentyf]-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1 -(3-aminobenzy0piperidin-4-yl]-2-[(1 R)-3. 3KJifluorocydoperrty1]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1 -(2-aminobenzy0piperidin-4-y1]-2-[(1 R)-3, 3<lrfluorocydc^ent^-2-h^roxy-2iDhen^ac^tarnide 
N-[1 -(4-aminobenzyl)piperidin-4-yl]-2-[(1 R)-3,3<lifluorocydopentyl]-2-hydra^ 

(2R)-N-[1 -(4-amino-3-methoxybenzy0piperidin-4-y0-2-[(1 R)-3, 3-dif luorocydopentyl]-2-hydroxy-2-phenyIacet- 
amide 

(2R)-N-[1-(3, 5-diaminobenzyl)piperidin-4-yl]-2-[ (1R) -3. 3-cfifluorocyclopentyl]-2-hydroxy-2-phenylacet-amide 
(2R)-N-[1 -(5-methylfuran-2-ylmethyl)piperidin-4-y0-2-[(1 R)-3, 3<iifluorocydopentyl]-2-hydroxy-2-phenyIacet- 
amide 

(2R)-N-[1 -(3-methylbenzy0piperidin-4-y0-2-[(1 R)-3.3-dif luorocydopentyl]-2-hydroxy-2-phenylacetamide 
(2R)-N-[1-(4-methoxybenz^pq3eridin-4-yrj-2-{(1 R)-3, 3<fifluorocydopenty1]-2-hydroxy-2-phenytacetamide 
(2R)-N-[1-(3-amino-5-meth<wybenzyl) piperidin-4-yf]-2-[ (1R) -3, 3-dif luorocydopenryf|-2-hydroxy-2-pheny- 
lacet-amide 

(2R)-N-[1 -(4-amino-3-f luorobenzyl)piperidin-4-yl]-2-[(1 R)-3, 3-dif luorocydopentyl]-2-hydroxy-2-phariylacet- 
arrtide 

(2R)-N-[1 -(6-amino-4-methylpyridin-2-yl)piperidin-4-yl]-2-[(1 R)-3, 3-drf luorocydopenty!]-2-hydroxy-2-phenyl- 
acetamide 

(2R)-N-[1-(3-amino-4-fluorobenzyl)piperidin-4-yt]-2-[(1 R) -3, 3-drfluorocydopentyf]-2-hydroxy-2-phenylacet- 
arrnde 

(2R)-N-[1 -(5-amino-2-fluorobenzyl)piperidin-4-yl]-2-[(1 R) -3, 3-drf luorocydopentyII-2-hydroxy-2-phenylacet- 
arrtide 

(2R)-N-[1 -(2-amino-4-ch!oropyridin-6-ylmethyl)-piperidin-4-yfJ-2-{(1 R)-3,3-dif luorocyclopentyrj-2-hydroxy-2- 
pherrylacetamide 

(2R)-N-[1-(3-amino-5-chlorobenzy0piperidin-4-yl]-2-[ (1R) -3. 3-dif luorocydopentyQ-2-hydroxy-2-phenylacet- 
amide 

(2R)-N-[1 -(4-amino-3,5-dif luorobenzyi)piperidin-4-yl]-2-{(1 R)-3, 3-dif luorocydopentyQ-2-hydroxy-2-phenyla- 
cetamide 

(2R)-N-[1 -(benzimkJazol-5-ylmethyl)piperidin-4-yO-2-[(1 R)-3,3-difluorocydopentyQ-2-hydrQxy-2-phenyl- aceta- 
mide 

(2R)-N-[1-(6-aminopyridin-2-ylmethy^ 
(2R)-N-[1-(6-aminopyridin-2-ylm 
amide, or 

(2R)-N-[1 -(6-aminopyridin-2-ylmethyl)piperidin-4-yl]-2-((1 R)-3,3-dif luorocydopentyl]-2-(4-fluoropheny0-2- 
hydroxyacetamide. 
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1 3. (2R)-N-[1 -(6-aminopyricfin-2-ylmethy0piperidin-4-y0-2-[(1 R)-3,3<irfiuoiX)cydopentyl]-2-hydrQxy-2-phenylaceta- 
mide or a pharmaceutical acceptable salt thereof. 

14. A pharmaceutical composition composed of a compound of the general formula [I] as presented in Claim 1 or a 
pharmaceutical^ acceptable salt thereof and at least one pharmaceutical^ acceptable adjuvant. 

15. A pharmaceutical composition as defined in Claim 1 3 which is used for treatment or prophylaxis of diseases asso- 
ciated with muscarinic M 3 receptors, eg., such respiratory diseases as chronic obstructive pulmonary diseases, 
chronic bronchitis, asthma, chronic respiratory obstruction, fforoid lung and rhinitis: digestive diseases such as irri- 
table bowel syndrome, spasm or hyperanaWnesia of digestive tract, diverticulitis and pain accompanying contrac- 
tion of smooth muscles of the digestive system: urinary disorders like dysuria such as pollakiuria, urinary urgency 
and urinary incontinence: and motion sickness. 

16. A method for treatment or prophylaxis of diseases associated with muscarinic M 3 receptors, eg., such respiratory 
diseases as chronic obstructive pulmonary diseases, chronic bronchitis, asthma, chronic respiratory obstruction, 
fibroid lung and rhinitis: digestive diseases such as irritable bowel syndrome, spasm or hyperanaWnesia of diges- 
tive tract, diverticula and pain accompanying contraction of smooth muscles of the digestive system: urinary dis- 
orders like dysuria such as pollakiuria, urinary urgency and urinary incontnence: and motion sickness 
characterized in that a compound of the general formula [I] as presented in Claim 1 or a pharmaceutical^ accept- 
able salts thereof is used. 

17. A process for preparation of a fluorine-containing 1, 4-disubstituted piperdine derivative of the general formula [I] 
as presented in Claim 1 which comprises 

(a) reacting a carboxylic acid of the general formula [III] 
Ar 

HO — I — COOH [Ml] 
R 10 



[wherein Ar has the same signification as defined in Claim 1, and R 10 represents a Cq-C 6 cydoalkyl in 
which any 1 to 4 hydrogen atoms may be substituted with fluorine atom(s) or a C3-C 6 cydoalkyl having 1 
to 2 protected or unprotected hydroxy! or oxo group(s)] 

or a reactive derivative thereof with a compound of the genera! formula [IV] 



HXH^^N— R 20 



[wherein R 20 represents a C 5 -C 15 saturated or unsaturated aliphatic hydrocarbon group in which any 1 to 
6 hydrogen atoms may be substituted with fluorine atom(s), C 5 -C 15 saturated or unsaturated aliphatic 
hydrocarbon having 1 -2 protected or unprotected hydroxy! or oxo group(s), aralkyl, arylalkenyl, heteroaryl- 
alkyl or heteroarylalkenyl group having 1 to 2 hetero atoms selected from a group consisting of nitrogen, 
oxygen and sulfur (optionally any 1 to 3 hydrogen atoms on the ring in said aralkyl, arylalkenyl, heteroary- 
laikyl or heteroarylalkenyl group may be substituted with lower alkyl, trif luoromethyl, cyano. hydroxy!, nitro, 
lower alkoxycarbonyl, halogen, lower alkoxy, unprotected or protected amino, unprotected or protected 
lower alkylamino or aralkyloxycarbonyl group) and X stands for NH or O] or a salt thereof; 
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and when either R 1 ° or R 20 has unprotected or protected 1 to 2 hydroxy! or oxo group(s), converting said 
hydroxy! or oxo group(s) to fluorine atom(s) either as they are or after removing the protective group(s); when 
R io Qr R 20 has protected amino or protected lower alkylamino group(s), removing the protective group(s); and 
when R 10 or has lower alkoxycarbonyi or aralkyloxycarbonyl , converting the same to amino; or 
(b) reacting a carboxylic acid of the above general formula [HQ or a reactive derivative thereof with a compound 
of the general formula [V] 




[wherein E is a protective group for an imino group, and X is as defined above] 
or a salt thereof; deprotecting the resulting compound of the general formula [VI] 




[VI] 



[wherein Ar has the signification as defined in Claim 1 and R 10 , X and E are as defined above] 

thereafter reacting the same with a compound of the general formula [VII] 

R 20 -L [VII] 

[wherein L represents a leaving group, and R 20 is as defined above] 

if necessary in the presence of a base, and again if necessary conducting a conversion reaction of R 10 and 
R 20 similar to the above; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkylation reac- 
tion with a compound of the general formula [VIII] 

R 21 -CHO [VIII] 

[wherein R 21 represents a C 4 -C 14 saturated or unsaturated aliphatic hydrocarbon in which any 1 to 6 
hydrogen atom(s) may be substituted with fluorine atom(s), C 4 -C 14 saturated or unsaturated aliphatic 
hydrocarbon having unprotected or protected 1 to 2 hydroxy! or oxo group(s), aryl, araikyl. arylaJkenyl or 
heteroaryl, heteroarylalkyl or heteroaryl-alkenyl having 1 to 2 hetero atoms selected from a group consist- 
ing of nitrogen, oxygen and sulfur (optionally any 1-3 hydrogen atoms on the ring in said aryl, araikyl, aryl- 
alkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl group may be substituted with lower alkyl, trifluor- 
omethyl, cyano, hydroxy!, nitro, lower alkoxycarbonyi, halo-gen, lower alkoxy, unprotected or protected 
amino, unprotected or protected lower alkyl-amino or aralkyloxycarbonyl), 

and if necessary conducting the conversion reaction of R 10 and R 21 similar to the above. 

18. (2R)-2-[(1R)-3,3-difluorocydopert 

19. e-tert^xrtyioxyc^rborrylaminopyridine-g-methanol, 6-tert-butyloxycarbonylaminopyricfin-2-yl-methyl methanesul- 
fonate, 6-tert-butyloxycarbonylaminopyridin-2-ylmeth^ chloride or 6-tert4^oxycartx>ny!aminoi3yridin-2-ylmethyi 



bromide. 
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